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FOREWORD 


It is proper from time to time to survey medical science and assess 
the progress which has been made. (ne way of doing this is to issue 
special numbers of scientific journals in honor of those individuals who 
ave made significant contributions to this progress ; that is, to those who 
in another connection have been designated as the “giants.” 

Dr. Leo Loeb has had the privilege of living and working in the time 
which has been called “The Heroic Age of American Medicine.” His 
scientific work has encompassed not only a period of over fifty years 
but a similar broad horizon of problems 


rhe publications of Dr. Loeb are numerous and varied, as testified 


to by the list included in this volume. But, perhaps even more important 


this volume is proof that his ideas, his standards of excellence, and his 
manifold interests have been multiplied many times through his students 

May this volume serve only as a milestone in the continuing contri 
butions and influence of Dr. Loeb and of his students on medicine and 
pathology 


Ror rt A Moor 


Edward Mallinckrodt Professor 


and Dean, Washington University 
Medicine 
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BIOGRAPHICAL NOTES ON DR. LEO LOEB 

lo accompany this Festschrift for Dr. Leo Loeb, contributed by a 
number of his pupils and co-workers in celebration of his eighty-first 
birthday, the committee in charge asked another of his friends—one not 
qualified to participate as they do—to write a biographic sketch which 
nught include brief comments of a personal character. 

It is a privilege to be thus included with the group of closer col- 
leagues in paying tribute to a notable pioneer in the broad development 
of experimental pathology during the past half century. 

Underlying the long-continued scholarly, distinguished and _ prolific 
contributions by Dr. Loeb to experimental biology and medicine, one 
likes to think of the personal qualities that have inspired and directed 
his efforts. From a friendship now lasting almost 50 years I can testify 
to the intellectual vigor and integrity which offset a somewhat frail but 
resilient physique, and to the keen sensibilities and insight united with a 
kindly judicial attitude which have guided his opinions and actions 

sing his own terminology, these qualities may be called the elements 
of his personal “physical and organismal differentials” which constitute 
the basis of his “unique individuality.” 

Leo Loeb was born on Sept. 21, 1869, in Mayen, Germany. He 
studied natural sciences and medicine at the universities of Heidelberg, 
Berlin, Freiburg and Zurich from 1889 to 1896. After receiving the 
M.D. degree from the last-named university, he came to the United 
States and went to Chicago, where his brother Jacques Loeb had recently 
been appointed professor of physiology in the new university. Leo 
Loeb’s first academic position was adjunct professor of pathology at the 
University of Illinois (Chicago) in 1900, where he had already conducted 
studies on topics which reveal the direction of his major interests 

His first recorded paper (1896) bears the title “Diagnosis of Tumors 
of the Supraorbital Arch’; the second, published the following vear, 
described results of ““Transplantation of White Skin on Biack Skin (and 
Reverse) in the Ear of Guinea Pigs”; the third and five or six that fol- 
lowed were all concerned with experimental studies of tumor growth. In 
1903 he accepted a research fellowship at McGill and a year later became 
assistant professor of experimental pathology at the University of Penn- 


sylvania. During the following six years more than 80 papers appeared, 


describing his work on blood coagulation, liver necrosis, edema and 


especially on cancer researches involving transplantation of tumors, a 
number of them in collaboration with Elizabeth Cooke, M. S. Fleischer 
and others. The work of these years established the reputation of 
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Dr. Loeb in the field of experimental pathology, especially in cancer 
research 

In 1910 he was selected as the director of laboratories for experi 
mental studies of cancer in the newly created Barnard Free Skin and 
Cancer Hospital in St. Louis. After helding that post for five years, 
he became protessor of comparative pathology at \\V ashington l niversity 
in 1915. Following the resignation of E. L. Opie in 1924, Dr. Loeb was 
uppointed profassor of pathology and head of that department. In this 
position his influence spread throughout the institution, especially among 
numerous students and young associates who were assistants and associ 
ites in his research. Since his retirement in 1937 to become emeritus 
professor he has continued his work in quarters provided by the Oscar 
Johnson Institute of the same university 

In this sketch no attempt will be made to characterize or assess 
expertly or im detail the varied contributions Dr. Loeb has made to 
experimental pathology. But long acquaintance with biochemical aspects 
of some of the areas which Dr. Loeb has cultivated and working in 
quarters more or less adjacent to his laboratories give one impressions 
that may justify a few comments appropriate for this sketch. It is my 
opinion that Dr. Loeb, more than any other investigator of his time 
inaugurated m this country and has continued to forecast the exper 
mental approach to the study of cancer, and that by his work he has 


laxl much of the background on which the widespread interest and 


activity in that subject now stand. His influence has been exerted by 


logical continuity and persistence of effort, by the fertility of his ideas and 
by personal example 

\round the turn of the century, he described on the basis of experi 
mental data characteristics of tumor and tissue growth and shares with 
Ross Harrison the credit for methods of tissue culture in vitro. His con 
tinued studies of tssue transplantation, culminating in the monumental 
volume The Biological Basis of Individuality” (1945), constitute a 
major contribution to biology as well as to medical and surgical know! 
edge His work on edema, summarized in a monograph (1923), his 
stuchies of the sexual cycle, and especially his notable experiments demon 
strating the interaction of endocrine glands-—thyroid, anterior pituitary 
ind sex glands—are widely recognized as pointing the way to great 
ulvances later accomplished by many others in these fields 

Dr. Loeb’s colleagues at Washington University gave expression 
several years ago to their collective estimate of his achievements and 
indicated their regard for him as a scholar and scientist by proposing him 
for the highest honor within their power to bestow: to be awarded the 
degree Doctor of Science by the university (rarely awarded to members 
oft its statis) 

We who know him well wish Leo Loeb continued good health—sup 
ported by the satisfaction of having made significant contributions to the 


ulvance of knowledge for the benefit of mankind 


Purp A. SHAFFER 
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ABNORMALITIES IN THE BEAKS OF DEVELOPING 
CHICK EMBRYOS 


Postmortem Changes Which May Be Confused with Developmental Anomalies 


RUSSELL J. BLATTNER, MD 
AND 
ALICE POLK WILLIAMSON, AB 
HOUSTON, TEXAS 
THE COURSE of investigations being carried out as part of a 
dy concerned with the effect of virus infection on the development 


striking changes were observed in the gross appear 


f the beak structures of a significant number of the embryos 


\t first it seemed reasonable to consider these changes 
ilities 


of development occurring as a result of virus infection 


critical analysis of infected and control embryos revealed 


embryos were examined for abnormalities after deat! 
These observations were particularly confusing in the 
experiments in which the inoculum of fowlpox virus used 


invariably lethal for the embryo.' It became apparent that 


hanges were found in dead embryos only, and 


ik subsequent 

reveale ‘abnormalities” were not caused by the rus 
were postmortem changes Figure 1 

changes: shortened lower beal thie kening 

wh side of the lower beak immediately 


moderate to extreme twisting oft he beal 


her. crossed or scissored beak. and occasionally 


upper beak giving a parrot-like appearance 


anges noted in these studies were definite a1 
nsistent in type, and because such artefact changes might be 


lily with developmental tects, it 


seemed worth whil 
circumstances t » heak changes can occur, and 


the process involved in their production 


METHODS AND MATERIALS 


thated used routinely 


experiments 
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had been conducted in which eggs from a flock of White Rocks incubated at a 
local hatchery were used. There were no detectable differences in the beak 
changes observed in eggs from the two different strains of chickens 


Fig. 1.—Chick embryos, nine days’ incubation Upper row, appearance of 
normal embryos dead approximately two hours. Middle and lower rows, abnormal 
appearance of beaks in normal embryos dead approximately 20 hours. 


Normal embryos in various stages of development were killed in one of the 
following ways: by clipping the vitelline artery of the chorioallantoic membrane ; 
by coating the egg shell with paraffin, which interfered with the respiration of the 
embryo; by decapitating the embryo The beak changes observed in embryos 
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these various methods were similar The parafiin-coating method proved 
procedure most satisfactory tor experimental use In any instances in 

exe shell was opened, exposing the embryo, aseptic precautions were 

broth culture checks for possible contamination were made routinely 
‘reliminary experiments revealed that in embryos of eight to 14 days’ incubation 
ace from two to three hours after the shell is completely covered 

elted paraffin. In order to insure a reasonable interval of time after 

{ the embryo, a period of four hours after the paraffin-coating operation 

vas adopted routinely for inspection of a number of embryos from each experi 
nental grout No embryo was ever found alive after this interval, and m 
wak abnormality was ever observed in chicks dead four hours after paraffin 
ating of the eee shell. In most instances the eggs were returned to the standard 
ge incubator kept at 38 C. after the paraffin-coating procedure In those 
xperiments necessitating windows in the eggs, or those in which the embryos 


vere removed from their shells and transferred to flasks containing fluids, it was 


onvenient to place the eggs and the flasks in an incubator of bacteriologix 


{ Conditions of moisture were likewise comparable in the two incuba 
1 lifferences could be observed in the incidence of beak change 
the period following the experimental procedure was passed in one 


the other 


RESULTS 


lime Interval Between the Death of the Embryo and the Appearance 

1} Beak Changes.—Forty-two 10 day old embryonated eggs were coated 
vith paraffin and returned to the incubator. Groups of six were 
examined at four hour intervals throughout a 24 hour period, and one 
group of six was examined after 48 hours. Of those embryos examined 
it four hours following the paraffin-coating procedure, all were dead 
but no beak changes were observed. After eight hours, slight thickening 
is apparent at the base of the lower beak. At 12 hours the thickening 
vas definite and the discrepancy in length between the upper and lower 
vaks had begun to be evident. By 16 hours apparently the maximun 
hange had occurred, since those embryos inspected at 20, 24 and 48 


hours showed no greater deviation from normal than those inspected at 


16 hours 
Of the 24 embryos examined at 16 hours or later, 23 showed a short 
lower beak ; all showed protrusions at the base of the lower beak; sever 
howed twisting of the beak to the right, and nine showed twisting of 
e beak to the left ( fig 2) 
This experiment was repeated using 14 embryonated eggs of nine 
incubation, embryos being removed for examination at eacl 
il of time as before (fig. 3). Results were approximately the same 
e obtained with 10 day old embryos. Twisting of the beak was 
nm every case in the 9 day old embryos examined 16 hours or 
mger after the paraffin coating, and the changes in the lower beak 
seemed even more pronounced than in the 10 day old group 
rhe Relation of Age of the Embryo to the Occurrence of Beal 


Since certain embryonic periods may be more critical than 
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others for the development of given structures, it was of interest to 
determine whether these abnormal beaks are restricted to specific age 
groups or whether such beak changes occur to some degree in all dead 
embryos which have reached the stage of beak development. Accord 
ingly, 48 fertile eggs of known age since laying were piaced in the 
incubator. After eight days’ incubation, 12 eggs were removed, coated 
with paraffin and returned to the incubator. Groups of four were 
examined at 4, 16 and 24 hours after the paraffin-coating procedure 


Fig. 2.—Chick embryos, 10 days’ incubation, showing progressive changes in 


the beak after death of the embryo. Time after death: A, normal; B, 2 hours; 
C, 6 hours; D, 10 hours; E, 14 hours; F, 18 hours; G, 22 hours; H, 48 hours 


From the original 48 eggs, groups of 12 were subjected to paraffin 


coating at 10 days’, 12 days’ and 14 days’ incubation respectively 
Eight day old embryos did not show any marked beak changes when 
left in the incubator, 16 to 24 hours after death. However. in the 
embryos of 10 days’ incubation at the time of the procedure, the beak 
changes were definite and striking. Of embryos with 12 days of incuba- 


tion at the time of paraffin coating, one or two showed some thickening 
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at the base of the lower beak, but no striking beak changes in any way 
comparable te those observed in 10 day embryos were seen. In no case 
was there twisting of the beak as a whole, or any discrepancy between 
the lengths of the upper and lower beaks. In embryos subjected to the 


procedure at 14 days’ incubation no changes of this type were found 


The photographs in figure 4 show embryos at each age level and 
illustrate the characteristic results obtained 
These observations seem to indicate that beak changes take place 


in dead embryos of more than eight days’ but less than 12 days’ 


Fig. 3.—Chick embryos, nine days’ incubation, showing same effects as in the 
embryos of 10 days’ incubation shown in figure 2 {, normal: B, 2 hours: C. ¢ 
hours: D, 10 hours: &, 14 hours: F, 18 hours; G, 22 hours; H, 48 hours 


incubation, With regard to the age of the embryo it must be emphasized 
that while every effort was made to ascertain the accurate age of the 
embryos, variations in incubation temperatures may alter embryonx 
development in some measure, and it is entirely possible that the 
estimated age levels may be in error by as much as 24 hours. Where 
large numbers of eggs are incubated for laboratory purposes it is a 


common experience that a certain number of dead embryos are encoun 








Effect of age of embryo on development of postmortem beak changes. 
2 hours after death, 14 hours after death, 24 hours after 
10 days old embryos. Third 


Fig. 4 
Left to right in each row 
First row: 8 day old embryos. Second row 


death 
row: 12 day old embryos. Fourth row: 14 day old embryos 
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tered in each incubation setting, the dead ones being eliminated as a 
routine procedure. These dead embryos occurring in the routine settings 
were noted by careful daily candling and were studied for postmortem 
changes. Dead embryos of 9, 10 and 11 days’ incubation revealed the 
same abnormal beak changes as were seen in embryos of the same age 
which were killed by experimental methods 

Beak Changes Noted in Heads from Decapitated Embryos Trans 
ferred to Fiuid Medium.—A number of experiments were carried out 
in an attempt to differentiate between actual growth of tissue after death 
and effects of autolytic processes. The question arose as to whether the 
beak abnormalities observed might possibly be the result of cellular 
proliferation, and whether in instances where the embryo circulation was 
interrupted experimentally the amniotic fluid might serve as a nutrient 
medium for continued local growth of some tissues. Local growth in 
dying or “dead” chick embryos has been reported,* and it has been 
suggested that the accumulation of metabolic products in some active 
tissue areas in the embryo might actually stimulate growth of adjacent 
tissue cells which are capable of utilizing nutrient substances from other 
neighboring tissues. However, the results of these studies seem to indi 
cate that local cellular proliferation was not involved in the production 
of the beak changes observed 

In this connection one series of experiments was of particular 
interest. Aseptic precautions being used, the heads of 10 day old 
embryos were removed by clipping through the neck. The decapitated 
heads were washed in sterile Ringer's solution and dropped into a flask 
containing sterile Ringer's solution. The flask was placed in the incu- 
bator at 38 C. A control group of 10 embryos from the same egg set- 
ting was treated in an identical manner except that this flask was placed 
in the refrigerator at 15 C. In 24 hours the decapitated heads kept at 
incubator temperature showed the typical beak changes, whereas those 
kept in the refrigerator for a similar period showed no deviation from 
the normal appearance of live embryos of the same age 

lhe failure of the beak changes to occur within 24 hours under con 
ditions of refrigeration might be considered as due to the retardation 
of cell division caused by lowered temperature or equally well explained 
on the basis that lowered temperature retards the processes of autolysis 
\ccordingly, a study was made of the effects of refrigeration on the 
development of beak changes 

Effect of Refrigeration on the Development of Beak Changes. 
[wo groups of seven embryos each were decapitated and the heads 


dropped into flasks of sterile Ringer's solution. Both groups were kept 


? Byerly, T. ¢ Anat. Record $2:249, 1926: 33:319, 1926 
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in the refrigerator for 24 hours at 15 C. At the end of this time none 
of the embryos in either group showed any beak changes. One group 
was allowed to remain in the refrigerator, while the other was placed 
in the incubator at 38 C. for another 24 hour period. The group which 
remained in the refrigerator showed no beak changes, whereas in the 
group which had been transferred to the incubator the typical beak 
changes developed 


lo test further the effect of refrigeration on the retardation of th« 


beak changes, 13 eggs 10 days old were coated with paraffin and placed 


in the refrigerator at 15 C. At intervals of two days an egg was opened 
and examined. By the fourth day after paraffin coating, slight changes 
were noted in the beak, with a slight suggestion of twisting of the upper 
beak. On the sixth day the embryo examined showed a definite short 
lower beak with the characteristic thickenings at the lateral posterior 
portion of the lower beak. Each egg opened after the sixth day showed 
the typical beak changes. On the tenth day the embryos showed indica 
tions of autolytic changes, such as dissolution of the epithelium over 
the brain surface. At 14 days the remaining six eggs were all opened 
Each one showed the beak changes, and all showed marked autolytic 
changes of other tissues. 

While cellular proliferation is considered possible even at tempera 
tures as low as 9 C.,* in the present studies all indications favored the 
conclusion that the underlying process in the development of the beak 


changes observed was autolytic in nature 


GROSS AND MICROSCOPIC EXAMINATION OF SPECIMENS 

\ careful measurement was made of the beaks of 10 embryos at 10 
days of incubation, examined four hours after the paraffin coating of the 
shell. The embryos were dead, but no beak abnormalities were evident 
The average length of the upper beak was 10.1 mm. and that of the 
lower beak 10 mm. At 24 hours after the paraffin-coating procedure, 
when all embryos showed the beak changes, measurement of 10 embryos 
of the same group showed the average length of the upper beak to he 
approximately the same (10.13 mm.), whereas that of the lower beak 
was only 7.13 mm., almost 3 mm. shorter than in those measured just 
after death. Careful examination of the under surface of the lower 
beak revealed that the decrease in length was compensated by an 
increase in width 

Such a phenomenon as this could occur if the supporting structures 
of the beak lost rigidity and became softened with resultant buckling 
The bony structure of the beak in birds is derived from both cartilage 


3. Stockard, C. R Am. J. Anat 28:115, 1921 
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and membrane bone. The main support of the lower beak is Meckel’s 
cartilage, a V-shaped cartilage extending forward from either side of 
the lower jaw to an angular point at the extremity of the beak. Sur- 
rounding this cartilage are four membrane bones. In chicks of nine days’ 
incubation, the mandible and the maxilla are just being laid down,‘ and 
the ossification of the cartilage lags slightly behind that of the mem- 
brane bone. By the twelfth day these areas have expanded considerably 

rhese normal processes of ontogenesis were reviewed in an attempt 
to account for the changes observed after the death of the embryo 
Che conclusion seems reasonable that during this period of rapid beak 
growth between the ninth and twelfth days of incubation, the fragile 
segments of membrane bone present are not sufficient to hold the beak 
im its proper shape when the soft cartilages become distorted as a result 
of autolytic processes. This explanation of the beak change observed 
was substantiated when studies were made of whole embryos stained 
and cleared by differential staining for bone and cartilage according to 
the methods of Williams.* 

Che blue staining Meckel’s cartilage, which is straight and rigid in 
fresh or recently dead embryos, stained very poorly in chicks dead 16 
hours or more and appeared to be curved and buckled at the site of 
the “protrusions” or “thickenings” on the lower beak. Microscopic 
sections confirmed these observations. While facilities for serial sections 
were not available at this time, longitudinal sections were made at 
selected intervals through the beaks of five 10 day embryos which had 
heen dead for 4, 8, 12, 16 and 24 hours, respectively. Transverse 
sections were made through the lower beak of one embryo which had 
heen dead for 20 hours, and cross sections were made through the upper 
and lower beak of another embryo dead 20 hours. Controls were made 
on live embryos for each series of sections. In none of the sections was 
there any evidence of postmortem cellular proliferation Evidence of 
autolysis was unquestionable in the dead embryos, and the degree of 
abnormality observed in the beak was in direct proportion to the progres 
sion of the autolytic processes. In live embryos and in those dead four 
hours or less, the cells appeared well stained and the cellular outlines 
were clearcut. By eight hours after death, autolysis had become appar- 
ent, and in these specimens bending and buckling of the cartilage were 
observed at the site of the lower beak protrusions, with associated tear 
ing and disintegration of nearby connective tissue. As a result, wide 
spaces were present between the sagging cartilage and the adjacent 


reticulated bars of the developing membrane bones 


4 Lillie, F. R The Development of the Chick, ed. 2, revised, New York 
Henry Holt & Company, Inc., 1940 
Williams, T. W Ir Stain Technol. 16:23, 1941 
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COMMENT 


While there is probably little chance of misinterpretation of the 
more clearcut or obvious developmental anomalies, such as those 
reported by Franke and his co-workers * as a result of injecting selenium 
salts into embryonated eggs, a word of caution is perhaps not out of 
order. Gross examination of embryos or fetuses should be correlated 
with careful microscopic studies in order to evaluate the significance of 
tissue and cellular changes. Differential staining is often of value. In 
examining any dead material for the presence of anomalies, one must 
differentiate growth disturbances from postmortem changes due to 
autolysis. 

It is certainly possible that changes similar to the ones described in 
the chick embryo may occur also in other species. Byerly * showed that 
actual disorganized cellular proliferation may take place locally in certain 
tissues in chick embryos of five days’ incubation or less, even after the 
heart has stopped beating. The possibility that local disorganized growth 
may occur after circulation has failed is also suggested by the fact 
reported by Burrows’ that fibroblasts from chick embryos 4 to 5 days 
of age may grow for some time even in the absence of oxygen. It is 
well known that all cells do not die at the same time after the death 
of the organism as a whole. It seems reasonable that some cells may 
continue to grow after a fashion for some time, perhaps until supporting 
physiologic activities break down. Local tissue death or local occur- 
rences interfering with cellular activities in crucial periods of develop- 
ment might be one factor involved in the production of anomalies 
observed in living embryos. In view of possible confusion arising from 
the effects of postmortem autolysis and possible postmortem cellular 
proliferation of an abnormal type, it seems important that in all experi- 
mental work concerned with developmental defects living material be 
harvested wherever possible. 

SUMMARY 

In normal chick embryos of 9, 10 and 11 days’ incubation which 
have been killed and allowed to stand at incubator temperatures for 
eight to 16 hours after death, beak changes develop which may simulate 
those associated with developmental anomalies. These changes have been 


found in embryos dying of virus infection, in those dying after paraffin- 


coating of the shell, which interferes with respiration, in those dying 
as a result of hemorrhage from a clipped artery, decapitation and of 
unknown causes in the normal process of incubation. The beak defects 
are never found in live embryos or in embryos dead four hours or less, 


6. Franke, K. W.; Moxon, A. L.; Poley, W. E., and Tully, W. (¢ Anat 
Record 65:15, 1936. 
7. Burrows, M. T.: Proc. Soc. Exper. Biol. & Med. 18:133, 1920-1921 
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but begin to make their appearance in embryos about eight hours after 
death, and are well developed by 16 hours after death. The changes 
occur in beaks of decapitated heads incubated for 24 hours in sterile 
Ringer’s solution. Refrigeration at 15 C. retards the beak changes, but 
by the sixth day of refrigeration typical changes are observed. Embryos 
kept over night at 15 C. show no abnormal beaks, but the changes 
develop within 24 hours if the embryos are returned to the incubator at 
38 C. Gross and microscopic examination of specimens failed to show 
any disorganized cellular growth. The deformity of the beaks is related 
to buckling and bending of the beak cartilages. Autolysis of the sur- 
rounding connective tissue was a consistent finding. While cellular 
proliferation occurring after death cannot be eliminated completely as 
a possible cause, the evidence seems to favor rapid autolysis of support 
ing structures as the most satisfactory explanation. Such postmortem 
autolysis offers a logical explanation also for the prominent beak 
abnormalities observed in normal embryos which die from unknown 


causes in the natural course of ontogenesis 





STUDIES ON AGING PROCESSES IN THE ENDOCRINE 
GLANDS OF THE GUINEA PIG 


Il. The Effects of Estrogen and Progesterone on the Thyroid, Parathyroid and Adrenal 
Glands of Male and Female Guinea Pigs of Various Ages 


H. T. BLUMENTHAL, M.D. 
ST. LOUIS 


N A PREVIOUS report' a parallelism was noted in the curves of 

diminution of the mitotic activity of the thyroid, parathyroid and 
adrenal glands with aging. However, at corresponding ages there was a 
greater rate of mitotic activity in female than in male guinea pigs; it 
was thought that this difference was at least partly genetically determined 
and independent of the activity of the female sex glands, since it was 
already present before the onset of sexual activity. On the other hand, 
experiments by Chouke, Friedman and Loeb ** and by Chouke and 
Blumenthal *® indicate a relation between proliferative activity of the 
thyroid and female sex hormones, since in the thyroid mitotic prolifera- 
tion undergoes cycles which are correlated with the sexual cycle. 

Recently Korenchevsky and co-workers * have presented data and 
reviewed the experiments of other investigators which offer further 
evidence of a relation between ovarian secretions and proliferative 
activity of the thyroid and adrenal glands. These experiments deal with 
the effects of ovariectomy as well as with those of the administration of 
ovarian products. A summation of reports on the effects of castration 
indicate that in the adrenal gland there results an initial hyperplasia 
followed by a diminution of growth activity, while in the thyroid only 
a depression of proliferative activity occurs. An injected estrogenic 
substance may produce a transient enlargement of the thyroid, followed 


by definite evidence of atrophy. Korenchevsky also reports enlargement 


These investigations were supported in part by a grant from the David May 
Florence G. May Fund 

From the Departments of Pathology, St. Louis University School of Medicine, 
and the Jewish Hospital 

1. Blumenthal, H. T Arch. Path. 40:264, 1945 

(a) Chouke, K. S.; Friedman, H., and Loeb, L.: Anat. Rec. 63:131, 1935 

(b) Chouke, K. S., and Blumenthal, H. T Endocrinology 30:511, 1942 

3. Korenchevsky, V., and Jones, V. E.: J. Gerontol. 2:116, 1947; 3:21, 1948 
Korenchevsky, V.; Paris, S. K., and Benjamin, B.: Ibid. §:120, 1950 
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of the adrenal cortex following estrogen administration. On the other 
hand, progesterone (corpus luteum hormone) has been observed to 
goroduce atrophy of the adrenal ‘; there are reports of both stimulation ° 
and depression ° of the thyroid with this steroid. 


Korenchevsky and co-workers have pointed out similarities between 


the effects of gonadectomy and changes occurring in senescence and 
have accordingly attempted to reverse these degenerative processes by 
injecting androgen, estrogen, progesterone and thyroid in various com- 
binations. However, a diminution of the size of an endocrine organ 
or even histological evidence of atrophy may be no indication of the 
responsiveness of the gland to a hormonal stimulus. A young gland made 
atrophic by gonadectomy may be able to respond more readily to a given 
hormonal stimulus than an atrophic senescent gland. Thus, Koren 
chevsky has noted that in senescent rats the effects of endocrine products 
are in certain ways weaker than those obtained in adult gonadectomized 
rats. Therefore, in determining the endocrine status in senescence it is 
important not only to determine the changes in the circulating levels of 
stimulating substances with increasing age but also the changes in the 
ibility of the target organ to respond to a given level of hormonal 
stimulus 
\ccordingly, the present studies were carried out to determine the 
relation which age bears to the ability of the thyroid, parathyroid and 
adrenal glands to respond to estrogen and progesterone. We have also 
attempted to ascertain whether or not these glands respond in a parallel 
manner to estrogen and progesterone as they do to certain endocrine 
and chemical substances * and under the influence of aging as reported 
previously 
MATERIALS AND METHODS 
One hundred and seventy-eight guinea pigs were treated by injection of estrogen 
estrone or alpha estradiol dipropionate in oil [progynon®], progesterone | pro 
uton®] r combinations of these.* Many of the animals used in these experiments 
were the same as those used in a previous experiment reported by Blumenthal 
and Loeb.” 
The mitotic activity of the thyroid, parathyroid and adrenal glands was deter 
nined according to methods previously described.’ The mitotic count of the cortex 
f the adrenal gland was recorded as the average number of mitoses per section, 


that of the thwroid as the average number of mitoses per gland (both lobes) and 


4. Selye, H J. A. M. A, 118:2246, 1940, 

5S. Alexiu, M Arch. f. Gynak 1689:432, 1939 

6. Knaus, H Arch. f. Gynak 119:459, 1923 

7 1) Blumenthal, H. T., and Loeb, | Endocrinology 30:502, 1942. (hb) 
Blumenthal, H. 7 Ibid 31:226, 1942 

& The estrogens and progesterone used in these experiments were supplied by 

e¢ Schering Corporation, Bloomfield, N. ] 
9. Blumenthal, H. T., and Loeb, | Arch. Path. 34:49, 1942 
0. Blumenthal, H. 1 Endocrinology 27:477, 1940. Blumenthal and Loeb." 
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that of the parathyroid as the average number of mitoses per 10,000 cells. For the 
parathyroid the average number of epithelial cells per unit field was also recorded, 
since this figure is an index of the average cell size. 

The guinea pigs wert grouped according to weight at the termination of the 
experiment, each 100 Gm. of body weight serving as a division point. This division 


corresponds approximately to certain age groups, as pointed out in a previous 


report ' and as shown in table 1 

The dose of estrogen or progesterone, the sex and the number of animals, as 
well as the specific procedures, are presented in the appropriate tables and in the 
section on results. Controls consisted of nontreated normal guinea pigs reported on 
previously or of gonadectomized animals of corresponding sex, age and weight; 
all castrated animals were 10 days past gonadectomy at the start of the experiments 

In the experiments in which estrogen was used some guinea pigs received small 
daily subcutaneous doses in distilled water (5 or 8 rat units), while others were 
given larger doses of a similar preparation (30 or 50 rat units). In still other 
experiments the guinea pigs received 200 rat units of alpha estradiol dipropionate 
in oil subcutaneously twice weekly; in its effect on the thyroid, parathyroid and 
adrenal glands the latter dose was indistinguishable from 50 rat units of the estrogen 


Taste 1.—Weight-Age Groups 


Weight, Gm Age 
100-198 ‘ 4 days-1 mo 
200-299 . l- 4 mo. 

20 398 : + Smo 
100-499 $12 mo 
00-500 : 12-18 mo 
Over 000 1.53 yr 


in water injected daily over a comparable period. The doses of progesterone admin 
istered varied between 0.2 and 1.0 international rabbit unit daily. The progesterone 


was injected subcutaneously in an oily suspension in all cases 


RESULTS 


Series 1.—The effects of estrogen on the thyroid, parathyroid and adrenal glands 
f males and of nonovariectomized and ovariectomized females. 

In these experiments the guinea pigs received subcutaneous injections of either 
50 rat units of estrone in water daily or 200 rat units of alpha estradiol dipropionate 
in oil twice weekly. As stated previously, there was no significant difference between 
the effects of these two preparations in the doses administered, and the results were 
therefore combined. 

The data in table 2 show that estrogen diminishes mitotic activity in the thyroid 
gland of the male guinea pig in all age groups, although only one middle-ayed and 
one old guinea pig are included. The effect on mitotic activity in the parathyroid 
gland parallels that noted in the thyroid, although the epithelial cells of treated 
animals are, on the average, larger than those of controls. Adrenal glands were 
not available for study in this group. One animal in the youngest group, not 
included in table 2, received estrone for 56 days, at which time no mitoses were 
found in either the thyroid or the parathyroids. With all these guinea pigs there 
were such slight differences in individual counts that it was not necessary to include 
data on the range of variation in mitotic activity 
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\ similar experiment was carried out in nonovariectomized females, as shown 
in table 3. Im immature females the injected estrogen diminishes the normal rate 
of mitotic activity in the thyroid and parathyroid glands; in the adrenal cortex 
mitotic activity is essentially unaffected in animals receiving injections for four to 
eight days but is moderately increased with longer periods of treatment. In young 
females at about the onset of sexua! activity estrogen administered for four to 


Vale Guinea Pigs Receiving Either 50 Rat Units of Estrone in Water 
Daily or 200 Rat Units of Alpha Estradiol Dipropionate in Oil 
by Injection Twice W eekly 


Mitotie Counts 


Thyroid Parathyroid 
Weight Day* ‘ ~ - - ‘ 
Range, Gm Treated Exper Control Exper Control 
Dee as 0.0 14.0 04200 1.6-214.5 
aoe 14-28 68.6 14.0 0.1-16 16 218.5 
am Ty 0 6.0 Oo 196 OS 2245 
an TY 0 4.0 0-200 0.7-192. 


Taste 3.—Female Guinea Pigs (Nonovariectomised) Receiving the Sam 
f Estrone and Alpha Estradiol Dipropionate in Oil by Injection 
as the Males in Table 2 


Mitotie Counts 


Weight Thyroid Parathyroid Adrenals 
Range Days ‘ - : ‘ 
Gr Treated Exper Control Exper Control Exper. Control 


Ls) 1% 45 a0 m4 09-1 $. 4-108 5.4 4 

1S 199 14-28 TW 4o24 OS- 192 3.4196 78 44 
oo ee re.) {33.0 70.4 2.0-170 25 1a 
MO An) 14-28 1.2 79.6 > iss sie 

> iow 75.0 225.2 3-48 l 187 

1428 2 Sis 12-198 

é 75 $.3-120 0.7-21 

142s 1 %S O18 0.7-2U 

Crver ax 45 yi 157 0.6214 

Over 14-21 1.0-140 O24 


Over a months 


eight days has perhaps a slight inhibiting effect on al! three glands; longer periods 


f treatment, however, produce a definite diminution of proliferative activity in the 
thyroid and parathyroid glands, but an increase ts observed in the adrenal cortex 
In progressively older groups the inhibiting effect on the thyroid and the para 
thyroid is gradually lost, and instead estrogen appears to stimulate mitotic activity 
ludging from the results in the group weighing over 600 Gm., the stimulus is 
apparently most effective for periods up to about one week and then progressively 
liminishes. However, in one guinea pig which received estrogen for five months 
there was again an inhibition of mitotic activity im the thyroid gland, indicating 
the probablity that resistance develops with prolonged injection of estrogen. The 
ounts on the adrenal cortex are, on the average, only very slightly higher for the 


inimals receiving estrogen than for controls, even with older animals 
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In another experiment the influence of ovariectomy on the effects of estrone 
was tested. Four young mature (200 to 299 Gm.) guinea pigs were castrated ; 
10 days later they received 5 rat units of estrone for six days. The results were 
similar to those noted in corresponding animals with intact ovaries. Mitotic 
activity was plainly inhibited in the thyroid (30 mitoses per gland, on an average ) 
and in the parathyroid (0.5 mitoses per 10,000 cells and an average field count of 
202), but the adrenal showed a moderate increase in proliferative activity (7.7 
mitoses per section). A similar experiment in four older castrated females (500 to 
599 Gm.) showed complete absence of mitoses in all three glands; apparently the 
amount of estrone injected was too small to overcome the castration atrophy. 

The inhibiting effect of estrogens in the younger age group was notable histo 
logically in that the lining epithelium of the thyroid follicles was lower and the 
colloid harder in treated animals than in controls. In older experimental animals 
the epithelium was generally taller, but there was no essential change in the colloid 
or in the character of the connective tissue septums. As the data in table 3 illustrate, 
when proliferative activity is diminished in the parathyroid, the cells are generally 


TaBLe 4 fale Guinea Pigs Receiving 0.65 to 1.0 International Unit of Proges 


terone by Injection Daily 


Mitotic Counts 


Weight Thyroid 
«juinea Range y = oa ie i 
Pigs Gm , Exper Control Exper Control Exper. Control 


A — _ —_ 
Parathyroid Adrenals 
ho A 


150-199 546.6 194.2 2.5-213 2.601 8.1 
200-290 876.7 134.0 + 102 1.6-219 05 
> SoH : 226.7 134.0 1.2-170 16219 15.0 


smaller, and when the average number of mitoses per 10,000 cells is increased, cell 
size is generally larger than in controls. In regard to the adrenal, no noteworthy 
histological differences have been noted between controis and animals receiving 
estrogen other than the changes in mitotic activity; the degree of change in pro 
liferative activity was apparently not sufficiently great to produce a change in the 
thickness of the various zones, in cell size or in lipid content 

Serres 2.—The effects of progesterone on the thyroid, parathyroid and adrenal 
glands of males and of castrated and noncastrated females 

The effects of subcutaneously injected progesterone on the mitotic activity of 
the thyroid, parathyroid and adrenal glands in immature and sexually mature young 
males is shown in table 4. In contrast to estrogen, this steroid greatly increases 
mitotic activity in the thyroids of these guinea pigs treated for seven to 14 days; 
animals receiving injections for a longer period show a similar but less striking 
response. On the other hand, the parathyroid glands of immature males are essen- 
tially unaffected by progesterone, but in young mature males the reaction parallels 
that noted in the thyroid gland; with prolonged injection there appears to be a 
moderate depression of proliferative activity. In both immature and mature males 
the adrenal cortex responds with increased mitotic activity and, unlike the thyroid 
and the parathyroid gland, shows a further increase of mitotic activity with pro 


longed administration of progesterone. 








692 ARCHIVES OF PATHOLOGY 


Iwo doses of progesterone were used in nonovariectomized females, as shown 
in groups A and B of table 5. The smaller dose, approximately one third that used 
in the males, appears to depress or not appreciably influence mitotic activity in all 
three glands in all age groups studied. In immature females the larger dose 
increases mitotic activity in all three glands. On the other hand, except for a slight 
increase of proliferative activity in one group of animals treated for 42 days, it 
appears to depress mitotic activity in the thyroid gland of the sexually mature 
animal; the thyroids of guinea pigs 4 to 8 months of age failed to respond even to 


prolonged injections of progesterone The larger dose was without noteworthy 
Taste 5.—Female Guinea Pigs Recewing Progesterone 


Mitotie Counts 


Adrenals 
ae 


Weight Thyroid Parathyroid 
Guinea Range, Days ~ a dim 
Pigs Gm Treated Exper. Control Exper Control Exper. Control 


Group A. Nonovariectomized Female Guinea Pigs Receiving 0.8 or 0.35 Internationa! 
Unite of Progesterone by Injection Daily 


1-1 l 1.0 2.1.1) +62 


"a> 2H) 00 ? 7 a 1 


wo 98 l 1.0 5.2 1.1185 1.3-187.1 
00-409 17 5.2 12-1 2198.1 


Group B. Nonovariectomized Female Guinea Pigs Receiving 0.6 or 1.0 International 
nite of Progesterone by Injection Daily 


Lia> Le a4 4 49-131 5.4-196.2 

A ie ] ’aA() ’ is & 1 
ou . 2 2163.2 
10.0 25.2 13-1871 


1. <4 40 ! 187.1 


Ovariectomizal Female Guinea Pigs Reeriving 0.2% ofr 6.45 International 
Units of Progesterone by Injection Daily 
32-173 2.0-198 
1+ 1s 1.4-196 
4.0153 1208 


13-208 0.5208 


effect on the parathyroid glands of mature female guinea pigs with intact ovaries 
except in the 4 to 8 month age group, in which prolonged injection completely 
suppressed mitotic activity. Increased proliferative activity of adrenal cortical 
cells was outstanding only in those animals receiving progesterone for long periods 

and 56 days), and the response was somewhat higher in the younger of the 

groups of mature animals 

The stimulating effect of progesterone in males and some sexually immature 
females in contrast to a depressing effect in young and middle-aged mature females 
might be explained in part by an antagonistic effect of the endogenously secreted 
estrogen of the latter animals. This was suggested by the occasional responses to 
prolonged injection of progesterone. Accordingly, a more extensive series of 
bservations was made on ovariectomized animals, as shown in table 5, group C 
Here the ability of progesterone to increase proliferative activity in the thyroid 


gland is seen in all age groups; in young mature guinea pigs 13 days of injection 
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gave higher mitotic counts than the shorter period of six days, but in older animals 
the reverse was true. In general there was a diminution in the degree of response 
with increasing age. Parathyroid glands were not available for study in all groups, 
but in those in which counts were made, the results paralleled mitotic counts 
obtained from the thyroid. The adrenal cortex also responded to administration of 
progesterone with increased mitotic activity, which again diminished with increasing 
age. The ovariectomized controls disclosed the depressing effects of castration on 
mitotic activity in all three glands. In general, the small dose of progesterone 
administered to group C was generally not sufficient to return mitotic activity to the 
precastration level except in the adrenal cortex and, in a few instances, in the 
thyroid and parathyroid glands 


Among the thyroids, an increase in the size of the epithelial cells lining the 
thyroid follicles and a softening of the colloid were noted in those glands showing 


Taste 6.—The Effect of Estrone and Progesterone Injected into Nonovariectomised 


Female Guinea Pigs 


Mitotie Counts 


Weight Thyroid Parathyroid Adrenals 
Guinea Range Days “ on oo 


Pigs Gm Treated Exper 


Control Exper Control Exper Oontrol 


Rat Units of Estrone and 0.65 International Unit of Progesterone Daily 
150-199 6 A one pee : 0.7 

200-299 3 280) 379.6 0.3216 2.8 163.2 11.5 
0-399 231 225.2 —— ‘ 7.7 
400-499 3 16 135.2 1.o-198 2-18 4.3 
500-5998 ; 158 75.8 1.5-160 7-2 2.9 
Over 6% } 0 57.5 ecccees eceses 2.0 


~) Rat Unite of Estrone Twice a Week and 1.3 International Unit of Progesterone Daily 


200-299 M4 4.3-140 28-168 
100-390 21 : 2.4-165 13-187 
400-499 > J 4.0-152 1 

400 49 > months 

Over 000 as 


Over 600 5 months 


marked mitotic activity. In those instances in which the differences between experi 


mental and control animals were not marked, histological differences were not 
noteworthy 


Changes in the parathyroid cells as expressed in the figures denoting 
average field count consisted of an increase in cell size with increasing proliferative 
activity. The changes in the adrenal cortex were most striking. Most of the mitotic 
activity occurred either within the zona glomerulosa or at the junction of this 
area and the zona fasciculata. The changes in the lipid content of cortical cells with 
an increase in proliferative activity which has been described previously '' as a 
response to other types of hormonal and nutritional stimuli were not striking in 


these experiments 


Serres 3 The effects of combined injection of estrogen and progesterone on the 
thyroid, parathyroid and adrenal glands of noncastrated females 
In the first group of animals small doses of estrogen and progesterone were 


given simultaneously to intact female guinea pigs for six days as shown in table 6 


11. Blumenthal, H. T., and Loeb, L Am. J. Path. 18:615, 1942 
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There was a noteworthy increase of mitotic activity in the thyroid gland only in 


guinea pigs weighing between 400 and 599 Gm. In general, the degree of prolifera 
tive activity Was not as great as that obtained with a smaller dose of progesterone 
im ovariectomized guinea pigs and resembles more the effect of estrogen on intact 
females. The results again demonstrate that older animals do not respond as readily 
as do younger ones, and in the oldest animal no mitoses were found. In the three 
groups from which parathyroids were available, the results essentially parallel those 
seen in the thyroid The adrenal cortex shows some degree of stimulation in all 
groups except in immature animals; however, the degree of proliferative response 
again talls off with increasing age. On the whole, the response was not as great as 
with progesterone alone 


In the second experiment a larger dose of both steroids was used, and injections 

were carried out for a longer period. In the case of the one young, sexually mature 

guinea pig (200 to 299 Gm.) the thyroid count was slightly lower than that of the 

ontrol, while the parathyroid showed an increase of mitotic activity. In the next 

group there was only a slight difference between the thyroid count of the treated 

amma! and that of the control, but the parathyroid continued to show an appreciable 

proliferative response. A vigorous response was obtained im all three glands in a 

single animal in the next age group when injections were carried out for 28 days 

It is interesting that this is the age group in which estrogen alone begins to produce 

1 proliferative response. However, further prolongation of the injection period 

Its in an inhibition of mitotic activity. Again, in the oldest age group there is 

appreciable but less impressive response in the thyroid and the adrenal after 

ft injections, and this response is lost with prolongation of the injection 

results indicate that the larger doses of estrogen and progesterone 

for 28 days in guinea pigs weighing in excess of 400 Gm. (over & 

) produce an increase in proliferative activity in the thyroid, the 

and probably also in the parathyroid (one guinea pig) greater than that 
by erther substance alone 


COMMENT 


The results of these experiments indicate that estrogen inhibits 
mitotic activity in the thyroid and parathyroid glands of young males and 
young females with intact ovaries, as well as in those of ovariectomized 
young and old females. On tne other hand, it stimulates mitotic activity 
in nonovariectomized females if they are over 8 months of age ; however, 
the degree of stimulation diminishes with further increase in age. The 
effect of estrogen on the adrenal cortex is not striking ; there appears to 
be a moderate stimulation of mitotic activity in some instances, but no 
evidence of an inhibiting effect even in very young or very old animals 
In general, mitotic activity also decreases with age in the adrenal cortex 
of estrogen-treated animals, in a manner parallel to that observed in 
controls 

Che effects of progesterone are, in most instances, different from 
those of estrogen. The corpus luteum hormone acts as a mitotic stimulant 


on all three glands in young males (mature and immature) and in 


ovariectomized females of all age groups, with the exception of the 


parathyroid glands of sexually immature females. However, in mature 
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intact females progesterone appears to exert an inhibitory effect on 
mitotic division in all three glands, except that in tae adrenal cortex 
after prolonged injection in an occasional group there may be no inhibi- 
tion. In this respect the results are similar to those obtained with 
estrogen ; but the results with castrated females show definitely that pro- 
gesterone acts basically as a mitotic stimulant. In intact females the 
similarity to an estrogenic effect may be due to a state of hormonal 
imbalance ; not only may the effects of progesterone be at least partially 
neutralized by endogenous estrogen, but the former may also inhibit 
the secretion of luteinizing hormone of the anterior lobe of the 
hypophysis, thus prolonging the life of large follicles in the ovaries, which 
could continue to secrete estrogen beyond the normal cyclic period. 
Therefore, the apparent inhibiting effect of exogenous progesterone 
might, in fact, be due to an increased production of endogenous estrogen 
Such an explanation is consistent with the observations of Loeb ** that 
the progesterone inhibits ovulation. 

rhe combined injection of both these steroids in small doses produced 
an effect in the thyroid and parathyroid glands essentially similar to that 
observed with estrogen alone ; apparently the combined endogenous and 
exogenous estrogens were sufficient in amount to offset any possible 
effect of progesterone. However, the adrenal cortex showed a degree 
of mitotic activity greater than that produced by estrogen alone, probably 
because both steroids have a stimulating effect on this gland. Further- 
more, the adrenal cortex appears to be more sensitive to progesterone 
stimulation than the thyroid and parathyroid glands ; this is substantiated 
by observations in several groups in which the adrenal responded to 
progesterone when the other two glands failed to show a proliferative 
reaction. Larger doses of both factors failed to produce an appreciable 
effect in animals under 8 months of age, but in animals over this age the 
effect of 28 days of injections was greater than that with either estrogen 
or progesterone alone. 

In several of the experiments long periods of injections usually 
resulted in a lowering of mitotic activity. This lessening or inhibition of 
proliferative activity by hormones or hormone-like substances which 
stimulate mitotic activity when given for short periods has been pre- 
viously noted by Loeb and co-workers."* 

Loeb '* reported several antagonistic reactions between estrogen and 


progesterone. He has pointed out that the action of the corpus luteum 


2. Loeb, I Deutsche med. Wehnschr. 37:17, 1911; J. Morphol. 22:37, 1911 
3. Gray, S. H., and Loeb, L.: Am. J. Path. 4:257, 1928. Max, P.; Schmecke 


I 
l 
bier, M. M., and Loeb, L.: Endocrinology 19:329, 1935. 

14. (a) Loeb, L.: Am. J. Anat. 32:305, 1923; (b) Proc. Soc. Exper. Biol. & 
Med. 20:443, 1923; (c) Biol. Bull. 27:1, 1914. (d) Loeb, L., and Kountz, W. B 
Proc. Soc. Exper. Biol. & Med. 24:728, 1928; (¢) Am. J. Physiol. 84:283, 1927 
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not only inhibits ovulation but also the growth processes which estrogen 
calls forth in the vagina.’“” On the other hand, estrogen also inhibits 
the action of the corpus luteum by preventing the predecidual reaction 
of the uterine endometrium normally produced by follicular hor- 
mone.'** Courrier '* also showed that in guinea pigs it is possible to 
prevent the formation of placentomas by injections of estrogen. The 
intagonism noted in the present experiments is similar to this second 
type. The stimulation of proliferative activity by progesterone in animals 
inder 8 months of age can be inhibited by estrogen 

rhe selective stimulation of the zona glomerulosa by progesterone is 
particularly noteworthy. At the present time the controlling mechanisms 
of this zone are under investigation, owing primarily to the observations 
of Deane and Greep * that there is a comparatively good maintenance 
of this zone in the rat after hypophysectomy. In fact, Deane, Shaw and 
Greep *’ suggested that the zona glomerulosa actually becomes wider 
after ablation of the anterior lobe. On the other hand, Selye and Stone ™ 
have been unable to confirm this observation. Sarason,'® as well as 
Deane and co-workers,'" have also reported that desoxycorticosterone 
causes a selective lipid depletion and involution of the zona glomerulosa, 
but Selye and Stone ’** were also unable to confirm this observation 
Che latter imvestigators have noted that diets very rich in sodium 
hloride cause selective atrophy of the glomerulosa, while sodium- 
leficient diets produce hypertrophy of this zone; the latter observations 
ire in agreement with the findings of Deane and co-workers "' as well as 
vith those of Nichols.*° We have been unable to find any previous 
eports of a stimulating effect of progesterone on the zona glomerulosa ; 
m the contrary, Selye * has reported that this agent produces atrophy 
% the adrenal cortex. Such differences point out the importance of 
itilizing several criteria in determining hyperplasia of endocrine organs 
lhe fallacies of using weight or volume of endocrine glands as a means 
ft determining reaction to various stimuli have been pointed out 


Mechanisms controlling activity of the parathyroid glands are also 


inder investigation. It is well known that the circulating levels of phos 


horus and calcrum play an important role in regulating the activity 


4% these glands, but convincing proof of a parathyrotropic hormone of 


he hypophysis has not been established. In several previous investiga- 


{ Proc. Roy. Soc. Biol. 104:1178, 1930 
Deane W., and Greep, R. O Am. J. Anat. 70:117, 1946 
Deane, H. W Shaw, |. H.. and Greep, R. O Endocrinology 43:133 


Selye, H., and Stone, H.: On the Experimental Morphology of the Adrenal 
Springfield, Ill., Charles C Thomas, Publisher, 1950 

Sarason, E. I Arch. Path. 3§:373, 1943 

Nichols, J.: Arch. Path. 4$:717, 1948 

Riumenthal, H. 7 Endocrinology 27:486, 1940 
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tions we’ have reported a parallelism in the reactions of the thyroid 
and parathyroid glands under various experimental conditions ; in some 
of these experiments the adrenal cortex also reacted in a parallel manner 


In the present experiments the three glands react similarly to pro- 


gesterone, but there is a partial dissociation of this parallelism when 
estrogen is given. Under the latter condition the activity of the thyroid 
and parathyroid glands is depressed in young animals and stimulated in 
older ones while the adrenal cortex is either unaffected or mildly stimu 
lated in all age groups. Up to the present time our investigations indi 
cate that the thyroid and parathyroid glands react in a similar manner 
to hypophysial preparations," potassium iodide,” and ovarian prod 
ucts ; they also show parallel changes in proliferative activity in aging * as 
well as in response to certain changes of nutritional status.** The possible 
role of the thyroid in mediating response of the parathyroid glands is 
under further investigation. 

Loeb ** pointed out that the two principal types of structural changes 
which are characteristic of aging processes consist of (1) a gradual 
decrease of growth processes in various tissues, which may be accom- 
panied by an increase in cell differentiation, and (2) hyalinization and 
sclerosis of stroma. Experiments have confirmed these observations and 
have given data quantitating the decrease of growth processes in the 
thyroid, parathyroid and adrenal glands in terms of changes in mitotic 
activity rhe present experiments represent an attempt to reverse these 
processes. In a general way they confirm the observations of Koren 
chevsky and co-workers * that estrogen, androgen and progesterone cat 
at least partly increase growth processes in the glands of older animals 
although generally the response decreases with increasing age. The 
observations reported here further point out that the sex hormones 
probably play a role in determining aging processes in these glands 
although the role of the pituitary mm regulating this effect remains to be 
evaluated more fully. There is some evidence that the secretion of 
pituitary trophic hormones diminishes with age, but some degree of 
hormonal stimulation can be produced even with the hypophyses of old 
animals.** In these experiments an interest‘ng observation, not pre 
viously reported, is that the thyroid and parathyroid glands of female 
guinea pigs respond to estrogen only after the age of approximately 8 
months. This observation requires further study and should be investi 
gated also in other species. However, it may explain apparently con 


tradictory reports concerning the effect of estrogen on the thyroid gland 


22. Blumenthal, H. 7 To be published 
23. Loeb, L., in Harvey Lectures, Baltimore, Williams & Wilkins Company 
1941, vol. 36, p 228 

24. Saxton, J. A., Jr., and Loeb, I Anat. Rec. 69:261, 1937. Saxton, J. A., Jr 
and Greene, H. S. N.: Endocrinology 24:494, 1939 
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SUMMARY 


Estrogen in the doses used in these experiments depressed mitotic 


activity in the thyroid and parathyroid glands of male guinea pigs of all 
age groups. In nonovariectomized females it depressed mitotic activity 
in these glands up to about the age of 8 months, after which it stimulated 
mitotic activity. In two groups of gonadectomized females (one young, 
one old) estrogen failed to reverse the atrophying effects of castration 
or senescence on the thyroid and parathyroid glands. In the group of 
nonovariectomized females the injected estrogen either was without 
notable effect or produced a mild proliferative response in the adrenal 
cortex 

Progesterone in the doses used in these experiments increased 
mitotic activity in the thyroid and adrenal glands of immature and 
sexually mature young males and in the parathyroids of the latter. In 
nonovariectomized females, small doses depressed mitotic activity in 
the thyroid and parathyroid glands up to an age of approximately & 
months, while in the adrenal cortex there was very slight, if any, pro 
liferative stimulus. In 8 to 12 month old nonovariectomized females the 
response was similar to that produced by estrogen. Larger doses of 
progesterone in nonovariectomized guinea pigs produced an increase 
in mitotic activity in the thyroid and parathyroid glands only in imma 
ture guinea pigs, but there was some degree of increase in proliferative 
activity of the adrenal cortex in all age groups. However, in ovariec 
tonuzed guinea pigs progesterone | roduced an increase in mitotic activity 
in all three glands and im all age groups; this effect diminished in inten 
sity with increasing age but was higher even than in nonovariectomized 
controls when corresponding age groups were compared 

In nonovariectonuzed females, small doses of estrone and proges 
terone produced an effect in all three glands simular to that observed with 
estrone alone In larger doses the combination of these substances 
produced a proliferative ettect in all three glands, and in some groups 
this exceeded that produced by either substance alone 

The histological observations made during the inhibition and during 
the stimulation of mitotic activity are described. Particularly noteworthy 
is the selective hyperplasia noted in the zona glomerulosa with injections 
ot progesterone 

In those instances in which estrogen and progesterone induce hyper 
plasia, the effect is generally not as great as that produced by specific 
trophic hormones of the anterior lobe of the hypophysis. In older animals 
it is possible by proper dosage to produce a degree of proliferative 
tivity comparable to that which normally occurs in younger age 


groups 
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HE CYTOLOGICAL examination of vaginal contents has now 
become almost universally accepted as a reliable method for detect- 
ing cancers of the uterus, and many series of cases in which it has 
been done have been reported. A complete bibliography of the subject 
has been compiled in a recent monograph on the cytological diagnosis 
of cancer.’ The uniformity of experience with regard to the type and 
the number of cases detected, the errors in diagnosis and the problems 
encountered in the operation of the program is impressive. Members 
of the medical profession in Toledo became interested in the possibilities 
of the method in 1946 and adopted a plan of operation in 1947 
The Toledo program is continuing to operate in the manner described 
in an earlier report.2, The plan is similar in many respects to those 
functioning elsewhere, but at the same time it embodies certain unique 
features. It is sponsored by the local county medical society and is 
participated in by all members of the medical profession in Toledo. The 
smears are made in the offices of practicing physicians and from there 
are distributed to pathologists for examination. It is the aim to enroll 
all women in the program and particularly those without gynecologic 
symptoms or signs. Finally, and perhaps most important, a central 
registry is maintained by the County Medical Society from which 
notices are relayed through the physician’s office to the patient asking 
her to return at intervals of six months to one year for repeated exami- 
nations. These notices are sent at regular intervals throughout the 
lifetime of the patient, and this feature gives to the program what we 


From the Department of Pathology, Mercy Hospital 


1. Vincent Memorial Hospital, Boston: Cytologic Diagnosis of Cancer 
Philadelphia, W. B. Saunders Company, 1950 


2. Hufford, C. E., and Burns, FE. L.: Ohio State M. J. 44:900, 1948 
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feel is the primary requirement for early detection, that is, continuity 
of examination. This important point, we believe, is neglected in many 
plans 

Because of the system of repeated smears, opportunities are now 


developing for the study of smears from women in whom, during the 


course of our observations, carcinoma of the uterus appears to have 


developed. Because smears have been taken from many women who 
did not have gynecologic complaints, additional carcinomas have been 
accidentally discovered in an early state. It is the purpose of this paper 
to deal with these cases of early carcinoma, as well as to record briefly 


the results of the program as a whole 


RESULTS Of THI PROGRAM AS A WHOLI 


These results, although taken from the material studied at only one 
hospital (Mercy), are representative of the entire program. From 
November 1946 to May 1950, 6,437 patients have been surveyed, and 
for these patients 9,205 smears have been made. Among the patients, 
74 (1.14 per cent) have been found to have uterine carcinoma. The age 
range was from 26 to 81 years, with an average age of 48 years. Twenty 
of those with neoplasm (0.31 per cent of the 6,437 patients) had 
adenocarcinoma of the fundus; their ages ranged from 48 to 81 years, 
with an average age of 60 years. Fifty-four (0.83 per cent of the 6,437 
patients) had squamous cell carcinoma of the cervix; 53 of these were 
between 26 and 73 years of age, with an average age of 46 years; the 
we of one patient was unavailable for this study. All neoplasms were 
demonstrated by histologic examination, and in many cases the entire 
cervix was cut into blocks and examined microscopically 

Thirty-six known errors were made in the examination of the 
smears. Calculated from the 372 biopsies of cervix or endometrium or 
both made in the survey, the percentage of error is 9.6. Exactly one 
half (18) of the errors were false negative diagnoses, of which 10 
(2.7 per cent) were concerned with fundal and & (2.1 per cent) with 
cervical carcinoma. The remaining 18 errors represented false positive 
diagnoses. We have found ii difficult to reduce the number of errors 
below this point. False negative diagnoses occurred more frequently in 
cases of advanced than in cases of early carcinoma, suggesting that the 
ulceration and infection associated with late cases may function to alter 
or destroy the neoplastic cells. It is in cases of this type that we have 
emphasized the necessity of biopsy for diagnosis regardless of smear 
findings. If this precaution is taken, no delay of diagnosis will result 


from talse negative smear reports 


STUDIES OF CASES Of FARLY CANCER 


\mong the 74 cases of carcinoma of the uterus found in the survey 


there were 22 in which the presence of the neoplasm was not suspected 
] | 





BURNS ET AL—CYTOLOGY OF WAGINAL CONTENTS 701 


in the clinical evaluation of the patient. The determination of which 
were “unsuspected cases” was achieved by means of a questionnaire sent 
to the clinicians who first examined the patients. In many of these 
cases the patient had symptoms or findings which were undoubtedly due 
to the presence of the carcinoma, but the lesion was not sufficiently 


advanced to permit its being differentiated from non-neoplastic conditions 


which produce the same signs and symptoms. This observation reempha- 


sizes the oft-repeated statement that early carcinoma cannot be distin- 
guished by gross imspection from other non-neoplastic lesions of the 
uterus. In some of the “unsuspected cases,” when biopsy was done, the 
carcinoma was found actually not to be early, and in those cases recur 


Age in Decades 2 - 2 »-» w-’ SO - 59 60 - & 70 = 79 to - & 


CERVICAL 
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Fig. 1 \ge decade incidence of suspected and unsuspected carcinoma of the 
cervix and of carcinoma of the fundus of the uterus 


rence and death occurred. However, for purposes of analysis the entire 
group has been retained. 

It was thought that if the “unsuspected cases” represented in general, 
a group of early uterine carcinomas, this fact might be manifested in the 
age of the patients. For this reason the age by decades and the average 
age found in the 22 “unsuspected cases” were compared with the same 
values in the 52 cases in which carcinoma was suspected clinically. The 
age range of the patients with unsuspected fundal carcinoma was from 
49 to 71 years, with an average age of 61 years. The analysis by decades 
(fig. 1) shows the peak incidence (2 cases) between 70 and 79 years 
The patients with suspected carcinoma showed an age range from 48 
to 81 years and an average age of 66.3 years, and a peak incidence in 
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the decade of 60 to 69 years. This analysis does not strongly support 
the premise that the “unsuspected cases” of fundal carcinoma were 
discovered earlier than the “suspected cases,” since the average age of 
the patients of the former group is approximately only seven years below 
that of the patients of the latter group, and the peak incidence falls one 
decade later 

In the “unsuspected cases” of cervical carcinoma the age range was 
from 26 to 61 years, with an average age of 39.8 years. The peak 
incidence (fig. 1) was between 30 and 39 years. In the “suspected 
cases,” the age range was from 27 to 73 years, with an average age 
of 50.4 years. The peak incidence began between 40 and 49 years, with 
a second peak occurring in the 60 to 69 year group. The 10.6 year 
lower average age and the lower peak decade incidence in the “unsus 
pected cases” would support the conclusion that we are dealing with 
cases discovered at an earlier date than if the smear had not been used 
Since the difference between the age groups is well marked, one might 
suspect that the transition from the “unsuspected” to the “suspected” 
stage was rather slow; in other words, that early carcinoma of the 


cervix may for a time grow rather slowly 


SURVIVAL RATES 


Sufficient time has not yet elapsed for an accurate survey of survival 
rates. Rough analysis of the follow-up on the two groups as a whole, 
however, shows that in 75 per cent of the traceable “unsuspected cases” 
and in 45 per cent of the traceable “suspected cases” there is no evidence 


of recurrence 


WHICH EARLY CARCINOMA WAS FOLLOWED BY SMEARS 


FOR LONGER PERIODS 


Because of the practice of taking smears at regular intervals, a few 
opportunities have been presented for studying the changes in smear 
findings and the progress of cervical carcinoma over relatively long 
periods 


was conducted a period of 2 years When the 


Oct. 21, 1947, at the age of 33, she had irregular menstrual 

ise no complaints ¢ examination showed a slight cystocele 
laceration of the cervix and a raised area 0.5 cm. in diameter on the cervix 
<foliated cells. as well as biopsy of cervix and endometrium. in 1947 
veoplastic or preneoplastic changes Routine smears made at six 

1948 likewise failed to show cells suggestive of neoplasm In 

smears made at six month intervals showed atypical cells, whict 

sitively identified as oplasti 1 first unequivocal cells were 

made in February 1950, and rear taken one month later also 


cells \ biopsy specimen taken in April 1950 showed an early 


| carcinoma of the cervix (figs. 2 and 3) 
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In case 6 a carcinoma was followed for a period of one year. When first seen, 
the patient, a 39 year old woman, complained of bleeding and discharge. Pelvic 
examination showed a cervical polyp and cervical ulcers which bled easily. The 
first smear, made in October 1946, showed neoplastic cells (fig. 4.4). The patient 
was advised to enter the hospital for biopsy, but refused. A punch biopsy, done in 
the physician's office at that time, gave negative rejults. The patient was next seen 
11% months later. She had no complaints, but pelvic examination showed a “sus- 
picious” area in the cervix. A vaginal smear again showed neoplastic cells (fig 
4B). Hysterectomy was performed, and multiple sections of the cervix showed 
a single focus of early invasive squamous cell carcinoma (fig. 5). 

In case 16 the neoplastic change was followed for a period of 94 months. When 
first seen, the patient, a 28 year old woman, had no complaints and visited her 
physician for a routine postpartum check-up. The cervix was lacerated but other 


Fig. 2 (case 17).—Intraepithelial squamous cell carcinoma first discovered by 
vaginal smear. Hematoxylin and eosin stain; x 110. 


wise showed no changes. Neoplastic cells, however, were found in the vaginal 
smear made at that time. She refused reexamination until 94% months later 
Again neoplastic cells were found in the vaginal smear. Her cervix was conized, 


and histologic studies showed an intraepithelial carcinoma 


rhese three cases, while few, are interesting from the standpoint 


of the possible genesis of cervical carcinoma. In case 17 the neoplastic 
cells were present in smears for approximately two months before an 


early carcinoma was histologically demonstrated, and atypical cells, not 
positively identified as neoplastic, were present for approximately 12 
months before neoplastic cells were found. In cases 6 and 16 the neo- 


plastic cells were found in the vaginal smears 12 and 91% months, 
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respectively, before the carcinoma was histologically demonstrated 
Since the neoplastic cells were present when smears were first made in 
these cases, it must be assumed that in the cervical epithelium the neo- 
plastic changes had extended over a longer period than that indicated by 
the smear. In each of the cases the histologic studies showed either 


intraepithelial carcinoma or early invasive carcinoma. These findings 


— 
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se 17) Higher magnification of the field indicated in figure 2. Not 
f normal epithelium extending from the right. The cell layers become 
the central area of the abnormal proliferation. Hematoxylin and 


485 


suggest, as other studies * have suggested, that in the development of 
some invasive cervical cancers there is a latent period during whic! 
carcinomatous changes develop in, and are limited to, the cervical 
epithelium. If further studies confirm these observations, this fact 


combined with the greater accuracy olf smear diagnosis in the early 


Schiller, W Am. |. Obst. & Gynec. 34:365, 1937. Knight, N. D.: Ibid 
1043 
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A 





Fig. 4 (case 6).—A, neoplastic cells found in vaginal smear one year before the 
histologic section (fig. 5) demonstrated an early squamous cell carcinoma; B, neo- 
plastic cells in vaginal smear made 114% months later than that from which 4 


was prepared. Papanicolaou EA 31 stain; « 725 
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cases will make routine cytological examinations of vaginal contents an 
even more effective measure for detecting early uterine carcinoma than 


had heretofore been expected. 


HISTOLOGIC CHANGES IN CERVIXES SHOWING EARLY CARCINOMA 
In nine cases the finding of neoplastic cells in vaginal smears has 
led to the detection of cervical carcinomas which were considered to be 


early enough to warrant treatment by total extirpation of the uterus 


big. 5 (case 6).—The single area of early invasive squamous cell carcinoma 
tound after complete sectioning of the cervix Hematoxylin and eosin stain 
<« 110 


Chese cases have offered special opportunities for studying the distribu 


tion of atypical epithelial changes in early cervical carcinoma. In four 


of these nine cases the early carcinomatous changes were found in single 


limited, invasive or noninvasive foci in the cervical epithelium. In five 
cases, however, atypical changes were found in multiple locations, some 
times in widely separated areas. In one case slight changes were noted 
even at the margin of the vaginal cuff where the cervix was surgically 
removed from the vagina (fig. 6). These changes consisted in dis 
organization of the normal lavers of the stratified squamous epithelium. 
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in development of large cells with hyperchromatic nuclei showing mitotic 


figures and variation in size, and in thickening of the epithelium, with 


or without processes extending into the underlying connective tissue, 
which invariably contained lymphocytes (fig. 3). These findings are 
in accord with experimental observations in animals in which it has 
been shown that generalized growth changes may occur before localized 
invasive processes develop.*. Whether invasion, when it occurs, proceeds 
from many or few such areas of altered epithelium is still to be studied 
Such findings suggest the possibility that carcinoma may develop in the 
vaginal cuff after total extirpation of the uterus and emphasize the need 
for follow-up study of patients so treated. It is our opinion that such 
follow-up studies should include the regularly repeated examination of 
vaginal smears 


Fig. 6 (case 13)—Atypical changes in stratified squamous epithelium found 
extending to excised margin of vaginal cuff in a case of early carcinoma of the 
cervix. Hematoxylin and eosin stain; « 110 


SUMMARY 

The Toledo program for early detection of uterine cancer 
embodies an area-wide plan of making a pelvic examination and a 
cytological examination of the vaginal contents of every woman at 
regular intervals of six months to one year. This plan gives continuity 
to the detection program, a feature which we feel is of prime importance 
and usually neglected. 

Of 6,437 patients surveyed at one hospital, 74 (1.14 per cent) 


were proved to have uterine carcinoma 


4. Suntzeff, V.: Burns, FE. | Moskop, M., and Loeb, I Am. J. Cancer 
32: 256, 1938 
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rhirty-six known errors have been made in the examination of 


the 9.205 smears made from the 6,437 patients 


['wenty-two of the 74 shown to have uterine carcinoma were not 


suspected of having it from clinical symptoms or the results of pelvic 


examination, and the first evidence of neoplasm was given by the 
vaginal smear 


Studies of age incidence in the 22 “unsuspected cases” as com 
pared with the 52 “suspected cases” show the average age of patients 
and the decade incidence of carcinoma of the cervix to be lower in the 
‘unsuspected group.” The possibility of a latent period, during which 
in some cases carcinoma of the cervix grows slowly and perhaps 
remains localized to the epithelium, is discussed 

Histologic studies on nine uteri removed for early carcinoma of 


the cervix showed that in some cases multiple widely separated 


squamous epithelium 
This suggests that generalized disturbances of growth processes 


foci of atypical hyperplasia of the stratified 
occur 
may sometimes take place in the cervix before neoplasia develops. The 
significance of this fact, if confirmed, with regard to early diagnosis and 
recurrence after treatment is discussed 
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HERE is accumulating evidence from experiments on intact animals 

that in the synthesis of tissue protein the over-all processes of 
protein metabolism are so active as to require the simultaneous avail- 
ability of all the essential amino acids.' This seems to be true both for 
growth and for maintenance of nitrogen balance and weight. Evidently 
the processes of protein synthesis are both rapid and “perfectionistic,” 
judging from experiments in which delayed administration of one or 
more essential amino acids leads to impairment of synthesis. In short, 
in the presence of an acute essential amino acid deficiency these rapidly 
functioning mechanisms presumably allow too little time for tissue 
enzymes to release adequate quantities of a particular essential amino 
acid, or the enzymes do not act quickly enough, for it to be fitted into 
the synthesizing patterns. In consequence catabolism develops rapidly, 
as indicated by the ensuing negative nitrogen balance. Evidence to date 
suggests that this is the case in both rats and men.’ 

In earlier experiments we observed that if any one of nine indis 
pensable amino acids was omitted from a ration otherwise adequate in 
essential nutrients the lack of it caused protein-depleted rats quickly to 
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lose appetite and weight." When the missing amino acid was restored 
to the ration, the animals regained both weight and appetite. From these 
experiments it was obvious ‘that acute amino acid deficiency disease 
develops rapidly in the dietary absence of a single indispensable amino 
acid. However, the concomitant development of caloric deficiency, while 
accentuating the adverse consequences of the amino acid lack, also 
complicated interpretation of the experiments. A later study by Wissler 
and associates * clarified the situation to some extent by demonstrating 
that negative nitrogen balance and loss of weight accompanied essential 
amino acid deficiency despite an adequate caloric intake accomplished 
by forced feeding 

It seemed desirable, however, to repeat our earlier experiments by 
means of a method whereby all dietary nitrogen could be given in fluid 
form, with a separate basal ration supplying calories, vitamins and salts 
In that way an acute amino acid deficiency could be produced without 
alteration of the basal ration, thus ruling out factors of taste or odor 
which might otherwise influence acceptance of the latter dietary 
component 

METHODS 


Protein-depleted adult male albino rats (Sprague-Dawley), originally weighing 
from 200 to 210 Gm., which had lost from 25 to 3 per cent of their predepletion 
weight through ingestion of a low protein diet® were placed in individual cages 
and fed a protein-free basal ration supplemented with an amino acid solution 
supplied in drinking fountains. The basal ration contained the following ingredi 
ents: dextrin, 67.8; corn oil, 4.4; salt mixture (Osborne and Mendel, Hawk and 
Oser modification), 4.4; ruffex,* 5.6; vitamin mixture, 1.1; oleum percomorphum, 
0.3 drop; water, 16.7. The vitamin mixture had the following percentage com 
wsition: choline, 20; nicotinamide, 0.426; calcium pantothenate, 0.263; pyridoxine 
hydrochloride, 0.096; riboflavin, 0.162; thiamine hydrochloride, 0.081; sucrose 
79.315. Because of its insolubility, tyrosine was also added to the basal ration 
from 84 to 98.5 mg. per rat day, depending on whether solution B or solution A 
vas being used. This ration, in the amounts of 13.5 Gm. per day, had a calori 
potentiality of approximately 42 nonprotein calories. For three days before an 
experiment was started, each rat was fed our “protein-free” 4F ration,® with water 
supplied in the drinking fountains, in order to accustom him to the experimental 
regimen 


A. It was essentially 


The amino acid solution first used was designated solution 
1 5 per cent solution, and in amounts of 35 ml. per day it furnished approximately 
208 meg. of nitrogen This plus the tyrosine in the basal ration gave a “protein” 
ontent of approximately 1.35 Gm. per day. This solution was used to evaluate the 


effects of administering varying amounts of tryptophan, histidine, phenylalanine 


3. Frazier, L. I Wissler, R. W.; Steffee, C. H Woolridge, R. L.. and 
Cannon, P. R 1. Nutrition 33:65, 1947 


4. Wissler, R. W Frazier, L. E., and Slayton, R. F Proc. Soc. Exper 
& Med. 72:589, 1949 

5. Wissler, R. W Woolridge, R. I Steffee. C. H.. and Cannon, P. R 
ol. $2:267, 194¢ 
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and methionine. For the other six amino acids studied a second amino acid soluwnon, 
designated solution B, was used. This solution contained approximately a 10 per 
cent increase in the amounts of each of nine indispensable amino acids but with the 
over-all nitrogen content unchanged. It was designed to improve to some degree 
the nutritive potentiality of the amino acid solution. No water was given during 
the experimental periods, in order to encourage complete consumption of the amino 
acid solution. The composition of these two solutions is given in table 1. 

In a recent communication © we presented figures indicating the minimal amounts, 
expressed as utilizable forms, of each of nine essential amino acids required in our 
standard amino acid mixture to insure a weight recovery of 40 Gm. in 10 days in a 
protein-depleted rat weighing initially 144 Gm., having a mean repletion weight of 
165 Gm. and consuming 95 per cent of the ration. It was pointed out, however, 
that these findings had no absolute value except under the experimental conditions 
described. It should also be emphasized that these values were obtained under 


Taste 1.—Composition of the Amino Acid Solutions Used 


Minimal! 
Amounts of 
Pereentage Essential 
Composition Mg. in 35 Mi Amino 
A. - m Acids, in 
Solution A Solution B Solution A Solution B 35 Ml, Me 


Alanine 5.1 4.23 1 73.5 86.6 
Arginine HC! 14 8.75 76.3 6.2 76.7 
Aspartic acid 5.64 4.77 7.0 82.8 4 
Glutamic acid 21.21 17.96 165.0 11s 06.5 
Ciyeine O45 0.38 7.7 6.4 78 
Histidine HC! 3.02 3.28 51.8 57.0 29.0 
Isoleucine 11.63 12.67 200.0 220.9 122.0 
Leucine 10.82 11.79 186.2 204.5 72.5 
Lysine HC! B47 9.22 145.6 160.2 79.5 
Methionine 3.58 3. 00.6 66.7 39.0 
Phenylalanine 4.65 5.08 2 2 45.0 
Threonine 6.98 74 120.0 132.0 86.0 
Tryptophan 11 1.76 27.7 90.5 145 
Tyrosine Ineluded in basal diet 

Valine 12.58 13.06 215.6 237.2 1u2.0 


conditions of simultaneous ingestion of amino acids and other dietary components 
and might not be expected to apply under the conditions of the present experiments 
in which amino acids in solution were imbibed with no sharp relationship to inges- 
tion of the basal ration. Under such circumstances it would not be surprising if 
some of these “minima” should be subminimal, and, as will be seen, such was the 
case with some. Nevertheless the present experiments afford a further check on 
the validity of the “minima” which we previously established under a different set of 
experimental conditions 


EXPERIMENTAL FINDINGS 
Experiment 1: Tryptophan.—The effects incident to variations in 
the daily intake of tryptophan were determined in 20 protein-depleted 
rats over a period of 10 days (table 2). These effects were measured 


6. Steffee, C. H.; Wissler, R. W.; Humphreys, E. M.; Benditt, E. P.; 
Woolridge, R. L., and Cannon, P. R.: J. Nutrition, 40:483, 1950 
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in terms of consumption of the amino acid solution and of the basal 
ration and in terms of weight recovery. Inasmuch as we have found 
as a result of many carcass analyses that during repletion there is a close 
correlation between gain in body weight and deposition of body nitrogen, 
the extent of weight recovery is an excellent indicator of tissue refab- 
rication, largely of muscle mass. It should be pointed out, also, that the 
repletion ration is a low fat ration and in 10 days the formation of adipose 
tissue is not great 

When solution A containing 27.7 mg. of tryptophan per 35 ml. was 
offered, there was practically complete acceptance of both the solution 
and the basal ration, with an average weight recovery of 49 Gm. per rat 
(group 1). When the tryptophan content was reduced to 14.5 mg. per 
35 ml. the average weight recovery was 40 Gm. per rat (group 2). With 
a tryptophan content of 7.25 mg. per 35 ml. there was a decline in 
consumption of both food and drink and in the 10 days the five animals 


Tame 2.—/nfluence of Variations in Intake of Tryptophan on Consumption of 
Food, Drink and Weight Over a Period of Ten Days 


Av. Per 
Av. Per centage 
eentage Consump 
Consump tion of Av. Weight 
tion of Basal Gain (or 
iroup Rats Amino Acid Solution, 3 MI. per Day Solution Ration Loss), Gm 
‘ Solution A with 27.7 mg. of tryptophan ~ 7 9 + 25 
Solution A with 4.5 mg. of tryptophan loo 40 +> O47 
Solution A with 7.25 mg. of tryptophar 13 5 » + 69 
Solution A without tryptophen 11 0 + 2.5 
Solution A with essential amino acids 
in minimal amounts a 


lost an average of 20 Gm. per rat (group 3). This average loss of 


weight was essentially the same as that of the rats which received no 


tryptophan at all (group 4). Finally, when a group of rats (group 5) 


received solution A containing the nine essential amino acids at minimal 
levels the average weight recovery was only 31 Gm. per rat. It ts 
obvious, therefore, that the absence of only a few milligrams of trypto- 
phan below minimal requirements led to a marked impairment of tissue 
refabrication as expressed in terms of weight recovery 

Further data in relation to tryptophan intake are presented in charts 
1 and 2. Thus a protein-depleted rat receiving solution A and the basal 
ration for four days (chart 1) consumed both dietary components and 
made a weight gain of approximately 25 Gm. After tryptophan was 
removed from solution A on the fifth day the rat drank only about two 
thirds of the solution, although eating practically all the basal ration 
During the next three days, however, he drank only a few milliliters 
of the solution each day, although continuing to eat more than one-half 
the basal ration. Nevertheless his weight declined. With tryptophan 
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Chart 1.—Influence of tryptophan deficiency on a protein-depleted rat's acceptance 
of food and drink. (Rat 312-6-I-12D.) 
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Chart 2.—Influence of tryptophan deficiency on a_ protein-depleted rat's 
acceptance of food and fluid. (Rat 313-7-I-12D.) The 100 per cent level and the 
days of observation are the same for the basal ration as for the solution. 
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restored to the solution for the ensuing five days, consumption of both 
the ration and solution A again became practically complete and recovery 
Chart 2 
solution A devoid of tryptophan was not simply a matter of a change 


of weight was rapid indicates that the rat’s refusal to drink 


in its taste or odor. Thus a rat drinking this solution and eating the 
basal ration over a period of 10 days continued to do so on the eleventh 
day, even though all tryptophan had been removed from the solution 
During the next two days, however, he refused to drink most of the 
solution, and on the final day his food consumption dropped off about 
During these three days, moreover, loss of weight ensued 

Histidine, 


second experiment, and in the remainder of the experiments, the feeding 


one third 


Experiment 2 Phenylalanine and M ethionine.—I\n the 


Intake of Histidine, Phenylalanine and Methionine on Consumption of 


Drink and Weight 


lL ariation 
Food 


Influence j m 


over a Period of Ten Days 


Period | (3 Days) Period 2 (4 Days) Period 3 (3 Days) 

Weight 
(ain 

(Total) 


Gm 


liquid Ration 

Gala or Con Con 
Loss, sumed, sumed, 
Gm % 


Ration 
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Ration Liquid Weight 
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Rats ' % 


Daily 
Amount 
n% ML, 
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Phen yi alanine 
Phenylalanine 
Phenylalanine 
Methionine 
Methionine 
Methionine 


received 


all 
During the next four days 


procedure was altered as follows For three days rats 


solution A and the basal ration (period 1) 
period 2) one group of animals continued to receive solution A, a 





second group received solution A containing the minimal daily allotment 
of histidine, a third group received solution A containing one-half the 
the 


\ll continued to receive the basal ration 


minimal allotment of histidine, and fourth received 


\ devoid of histidine 


daily group 
solution 
\t the end of this period all animals again received solution A for a final 
The results are 


three days (period 3), together with the basal ration 


summarized in table 3. Here it can be seen that the rats drinking solution 
\ for the entire 10 days accepted it practically completely ; they ate the 
basal ration completely and achieved an average weight gain of 47 Gm 
per rat. On the other hand, the group supplied with the minimal allot 
ment of histidine during period 2 consumed only about 85 per cent of the 


solution and averaged a weight gain for the 10 days of 41 Gm. At the 
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same time the rats which received only one-hatf the daily minimal 
allotment of histidine consumed only 35 per cent of the amino acid 
solution, and their acceptance of the basal ration was less than 90 per 
cent. As a consequence their weight gain for 10 days was 37 Gm. 
Finally, the animals receiving no histidine during period 2 drank only 
16 per cent of the solution, they ate less than 80 per cent of the basal 
ration and lost an average of 20 Gm. per rat. Despite an improvement 
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Chart 3.—Influence of histidine deficiency on a protein-depleted rat's orotein 
repletion. (Rat 316-4.) The upper graph shows a control curve; the lower, the 
effect of delayed addition of histadine 


in consumption of solution A and of the basal ration during period 3, 
their total average weight gain for the 10 days was only 25 Gm. per rat 

Essentially similar results were obtained with respect to variations 
of the intake of phenylalanine and methionine with the exception that 
there was no set-back with methionine given in minimal amounts during 
period 2, and little if any with phenylalanine. Evidently these “minima” 
are close to those previously determined by us for repletion of the 
protein-depleted rat 
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In chart 3 is shown a comparison of performance in the presence 


and the absence of histidine in solution A. Note especially that during 


period 2, when histidine was absent, consumption of the amino acid 


solution declined approximately 87 per cent in the four days, whereas 
the fall-off in consumption of the basal ration was only 15 per cent 
Nevertheless, the animal in the four days lost more weight than he had 
gained during the first three days 

Experiment 3: Threonine, Lysine, Valine, lsoleucine, Leucine and 
irginine.—For determining the effects of variations of amino acid com- 
position with respect to the remaining essential amino acids, solution B 


was used. The results are given in table 4. Here, also, it is seen that in 


Taute 4.—/nfluence of Variation in Intake of Threonine, Lysine, Valine, lsoleucine, Leucine and Arginine on 


Consumption of Food, Drink and Weight over a Period of Ten Days 


Period 1 (3 Days) Period 2 (4 Days) Period 5 (3 Duys) 


Daily Liquid Liquid Weight Liquid Weight 
Amount Oon Ration Weight Con Ration Gain or Oon Ration Weight Gain 
in 36 Ml., sumed, Eaten, Gain, sumed, Eaten, Loss, sumed, Faten, Gain, (Total), 
Amino Acid Me Rats ~~" % x. % Gm ve q Gm Gm. 
Threonine 132 ” - loo low 22 10 ‘ 7 | 
Threonine ~ im a lop ” : loo ¢ +s 
Threonine ‘ «ss : 2 4 “4 3 ‘ 22 
Lysine *” 2 luo law 1 10o 
Lysine TOS 7 wm “ Y 100 
Lysine -” a 
Valine 37 91 p low lo 
Valine } wn to) 7 10 w 13 “9 
Valine 0 ¥) 8 5 25 7 7 See chart 5 for period 3 
Isoleucine Z y w 1D 3 wo 100 10 49 
Isoleucine I 4 w 5 10 w ll “4 
lsoleneine 2 { on 2 % w » 25 


i+itht H+i+l+ 


i+l+ 


titi? 


| eueine 2 wi i 2 : 100 ay ” 
Leucine , 43 ; nM ” 
Leucine ( ) w 5 . f 1” 2 


+ ititit 


Arginine HO’! ) ) ‘ ‘ 2 *» - I 0 
* In period | all lysi ps received one extra offering of solution 


each instance during period 2 omission of threonine, lysine, valine, 


isoleucine or leucine led to a sharply lowered acceptance of the solution 





and a concomitant decline in consumption of the basal ration. In each 
instance, also, there was an obvious loss of weight. Only in the case of 
leucine was there a definite deterioration in nutritive performance when 
minimal amounts of amino acid were present in solution B. With 
isoleucine, valine, lysine and threonine it is apparent that the “minima” 
were close to the amounts required. The time interval of four days, 
however, is too short to determine the effects precisely, but in any case 
the results reaffirm the approximate validity of the “minima” as pre- 
viously established by us. It is of interest that the absence of arginine 
from solution B had no adverse effect and that during the seven davs 
the weight recovery was as good or better than when arginine was 


present 
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The effects of threonine deficiency are shown in chart 4 where it 
can be seen that the intake of solution B lacking threonine was reduced 
approximately one half on the first day following its removal, whereas 
consumption of the basal ration fell off only about one tenth. After the 
threonine-deficient solution had been offered for five days, the offering 
of solution B for two days was accompanied by an immediately improved 


wo % 
BASAL 
RATION 


CATEN 


so. 8 . . so. 8 


THRE ONINE < S THREONINE 
(66 MG) . ‘ PAUS waTER 


AOD L186 


GRams 
WEIGHT 


CHANGE 





Chart 4.—Influence of threonine deficiency on protein-depleted rats’ acceptance 
of fluid and food (average for five rats.) 


acceptance of both the solution and the basal ration and by good weight 
gains. When threonine was again omitted for a final four days, but 
with water furnished ad libitum, acceptance of the deficient amino acid 
solution declined to 10 per cent or less, although food consumption 
averaged better than 50 per cent. Nonetheless the animals again began 
to lose weight 
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Chart 5 illustrates the consequences of omitting valine from solution 
. Here, too, on the first day acceptance of the amino acid solution 
declmed about one third. Consumption of the basal ration, however, 
approximated 75 per cent, but with the animals losing weight. When 
water was given ad libitum for two days, consumption of the basal ration 
improved slightly for one day and then dropped back to the former level 
\cceptance of the amino acid solution was poor during this interval 


When solution B was again given, acceptance lagged for two days, along 


100 % 
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INTAKE 
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ay 2 oo : ' ;_ = 
Chart 5 Influence { valine deficiency on protein-depleted rats’ acceptan 


food and fluid (average for 5 rats.) 


with consumption of the basal ration, and then returned to normal 


concomitant with a rapid weight recovery 


COMMENT 


These experiments serve to reemphasize the fact that an essential 
amino acid deficiency in the protein-depleted rat leads speedily to a loss 
of weight even though the caloric intake remains adequate or almost so 


Soon. however. the animal loses interest in both food and drink. One 
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might suppose that thirst would act as a stronger driving force than it 
seemingly does, but animals offered an amino acid solution devoid of a 
single essential amino acid may refuse to drink more than a few milliliters 
per day for at least a week, even when the temperature is above 90 F. 
It should be recalled, however, that the basal ration contains 16 per cent 
ot water 

This method demonstrates the relative ease with which amino acid 
solutions of unknown composition, protein hydrolysates, for example, 
may be nutritively evaluated. Thus, when a solution under investigation 
is completely consumed, together with complete ingestion of the basal 
ration, weight recovery is rapid, thereby demonstrating an adequate 
content of all the essential amino acids necessary for effective tissue 
protein synthesis. If, however, one or more essential amino acids are 
present in limiting amounts, a slower weight recovery will point to the 
likelihood of an essential amino acid inadequacy Chis may indicate 
either that there has been destruction of certain essential amino acids in 
the course of hydrolysis, with inadequate reconstitution, or it may indicate 
that there has been an interaction between an essential amino acid and 
some other dietary component, sugar, for example, leading to the for 
mation of an amino acid—sugar complex which makes this particular 
amino acid unavailable to the action of intestinal enzymes. The method 
also offers a means of studying more adequately the consequences of 
mineral deficiencies. Thus, a particular salt can be omitted from the 
basal ration while at the same time the daily amino acid needs are 
satisfied by means of the amino acid solution. Similarly it may be pos 
sible by this method to get further information concerning such problems 
as amino acid imbalances, the influence of time on the relative availability 
of calories in relation to amino acid utilization, and the role of accessory 
growth factors in protein metabolism. We have already used the method 
to determine the comparative utilizability of some unnatural forms of 


essential amino acids 


SUMMARY AND CONCLUSIONS 


\ method has been described in which the repletion of protein- 
depleted adult male albino rats can be observed under conditions in which 
all dietary nitrogen is supplied as a solution of amino acids. Con 
comitantly the basal ration furnishes needed calories, vitamins, salts and 
roughage. By this method it has been possible to study the effects on 
tissue protein synthesis of an acute essential amino acid deficiency 


without any direct influence on acceptance of the basal ration through 


a possible modification of the latter's taste or odor. Nevertheless, if any 


one of nine indispensable amino acids was removed from the amino acid 


solution, its withdrawal was followed within twenty-four hours by a 
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significant decline in consumption of the solution and a drop in weight. 
Food consumption fell off more gradually. 

Refusal to drink an amino acid solution lacking a particular essential 
amino acid is apparently not due primarily to an alteration im taste or 
odor, in view of the delayed refusal. Neither can it be attributed to an 
immediate caloric deficiency. Evidently the rapidly functioning mech- 


anisms of protein metabolism require the simultaneous availability of all 


the essential amino acids for effective tissue protein synthesis, and in 
the presence of an acute essential amino acid deficiency, catabolism 
quickly ensues 

The usefulness of this method has been pointed out, particularly with 
reference to the nutritive evaluation of protein hydrolysates, as well as 
for the study of mineral inadequacies and other metabolic problems 





ENDOMETRIAL POLYPS AND HYPERPLASIA PRODUCED IN AN 
AGED MONKEY WITH ESTROGEN PLUS PROGESTERONE 


ROBERT J. CROSSEN, M.D. 
AND 
VALENTINA SUNTZEFF, M.D. 
ST. Louls 


Ss" )NTANEOUS malignant tumors are rare in subhuman primates. 
Carcinoma of the oral cavity * and of the prostate * and fibromyoma 
and papilloma of the cervix * have been observed. The pertinent literature 
has been reviewed recently.’ One of the reasons for the paucity of such 
tumors is seen in the fact that the animals when kept in captivity do not 
live long enough for tumors to develop. 

Prolonged administration of large doses of estrogen produced cervical 
metaplasia resembling early cancer * and cystic glandular hyperplasia of 
the endometrium * in young and adult monkeys and uterine bleeding 
in spayed rhesus monkeys.* However, in spite of the vigorous prolifera- 
tion, the endometrium gradually returned to normal when the estrogenic 
treatment was discontinued, and cancerous transformation could not be 
enforced." 

MATERIAL AND METHODS 
Old monkeys or monkeys of known age are difficult to secure. In October 
1941 we obtained a female rhesus monkey whose age at the time of capture was 
unknown, but which had been in captivity for 2 years. In order to determine 
whether or not the monkey was in the menopause, we observed her daily, except 
on Sundays, for a period of six months. Twice the sexual skin showed a slight 
reddish tinge, once on Jan. 13, 1942 and again on April 3, 1942 


From the Barnard Free Skin and Cancer Hospital. 

1. Pfeiffer, C. A., and Allen, E.: Cancer Research 8:97, 1948. 

2. Engle, E. T., and Stout, A. P.: Am. J. Cancer 39:334, 1940 

3. Ratcliffe, H. L.: Am. J. Cancer 17:116, 1933 

4. Overholser, M. D., and Allen, E.: Proc. Soc. Exper. Biol. & Med. 30: 1322, 
1933 

5. (a) Engle, E. T., and Smith, P. E.: Am. J. Anat. 68:349, 1938. (b) Hart- 
man, C. G.; Geschickter, G. F., and Speert, H.: Anat. Rec. (supp. 2) 78:31, 1941. 
(c) Engle, E. T.; Krakower, C., and Haagensen, C. D Cancer Research 3:858, 
1943 

6. Zuckerman, S$ J. Endocrinol, 2: 263, 1941 
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On June 25, 1942, before the experiment was started, a curettage was done 
to determine the condition of the endometrium. With the animal under ether 
aresthesia, the vagina was dilated slowly by means of a small rectal dilator. The 
cervix was grasped with an Alles forceps, and the debris in the vagina was 
flushed out with sodium chloride solution. The cervix was then dilated with a 
small urethral dilator, and a curettage was done, using a dental curet. The tissue 
obtained was fixed in 4 per cent formaldehyde. Following the curettage, two 15 mg 
pellets of estradiol benzoate were implanted in the subcutaneous tissue under the 
skin of the back. On August 31 another curettage was done; little tissue was 


obtained, and two 15 mg. pellets of estradiol benzoate were again implanted. On 


March 9, 1943 two more 10 mg. pellets of estradiol benzoate were implanted. On 
June 28 the curettage was repeated, and two 10 mg. pellets of estradiol benzoate 
were implanted. On Jan. 17, 1944 we started giving 5 mg. of progesterone 
(lutocyclin®) “ (sublingual) twice daily for six days a week. The monkey has a 
tendency to hold food in its cheek pouch; hence it was thought that some of the 
sublingual medication would be absorbed parenterally and the rest would be 
swallowed and absorbed through the intestine. On February 19 another curettage 
was performed. On rectal examination the uterus seemed to be somewhat larger 
than at the start of the experiment. On July 25 the last tablet of progesterone 
was given, making a total of 1,630 mg. of the substance given over a period of 
163 days. On September 30 an attempt at curettage was unsuccessful. During the 
vaginal dilation, a tear occurred through the sphincter ani, and this was 
immediately repaired Two pellets of estradiol benzoate, 10 mg. each, were 
implanted. This final implantation made a total of 120 mg. of estradiol benzoate 
implanted over a period of a year and three months. On Feb. 9, 1945 a bloody 
vaginal discharge was noted. This was the first time that any vaginal bleeding 
was observed. On April 13 the monkey was sluggish and appeared to be ill 
From May 5 on, the free bloody vaginal discharge became continuous, and during 
that month the monkey continued to fail in strength The skin of the face was 
pale. On May 7 the monkey was unable to sit or stand up and was still bleeding 


vagina; so it was killed, and a necropsy was performed 


OBSERVATIONS 


Gross Findings.—The uterus was enlarged and contained a large, dark-colored 
tumor, which could be seen partially protruding through the cervix. When the 
uterus was opened, this tumor was seen to be attached by a broad hase to the lower 
end of the uterine cavity (fig. 1) The rest of the endometrium was thickened 
and the surface was irregular. In some areas small polyps could be seen. The 
wall of the uterus was 2 cm. thick at its thickest portion, not including the endo 
metrium, which varied from 2 to 4 mm. in height. The tumor rose 2.2 cm. above 
the endometrial surface The vagina and cervix were also thickened The 
ovaries were normal in size, and the right ovary had a hemorrhagic cyst on its 
surface 

Microscopic Observations.—The endometrial tissue from the first curettage, at 
the start of the experiment, showed resting glands of uniform size and shape 


2) The tissue obtained at subsequent 


lined by low cuboidal epithelium (fg 
curettages did not consist of endometrium and hence was of no valu Most of it 
was composd of cervical glands and bits of squamous epithelium, evidently from 


the cervix 


6a. In this country the product is marketed under the name of lutocyclin® by 


Ciba Pharmaceutical Preducts Inc 
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Fig. 1.—Opened uterus showing the large polyp protruding from the endo 
metrium (approximately natural size) 





> 


Photomicrograph of endometrial curettings before treatment (medium 
power magnification). The glands are resting 


Fig 
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Fig. 3.—Upper part: Photomicrograph of an area from the adenomatous 
polyp (medium power magnification). Lower part Photomicrograph of endo- 
metrial hyperplasia, Swiss cheese pattern (medium power magnification). In the 
upper right field can be seen a group of hypertrophied vessels 
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The tumor proved to be a large polyp in which extensive hemorrhage had 
occurred At the base of this polyp the endometrium showed an estrogenic 
(Swiss cheese) type of hyperplasia, and in this area there was little hemorrhage or 
degeneration. At the middle portion of this polyp there was an intense collection 
of red blood corpuscles, leukocytes and plasmacytes; the endometrial glands were 
disintegrating. At the tip of the polyp necrosis was advanced, and only fragments 
of glands were found (fig. 3, upper part). 

The endometrium showed cystic hyperplasia (fig. 3, lower part). The glands 
varied in size and shape, and many were cystically dilated. They were lined by both 
cuboidal and low columnar epithelium, such as is seen in the interval stage. Some 
of the glands contained homogeneous debris. Throughout the endometrium the 
blood vessels were increased in number and thickness, containing a large amount 
of smooth muscle and a distinct media. These changes were recently described 
by Schwarz and Sherman™ as a component of endometrial hyperplasia in women 
and as seen in experimentally produced endometrial hyperplasia of rabbits. 

The myometrium was markedly hypertrophic and likewise contained numerous 
thickened vessels 

The cervical glands were dilated, and there was secretion in the lumens of 
some of them There was squamous metaplasia of the glandular and surface 
epithelium. The vaginal epithelium was notably thickened and disclosed super- 
ficial keratinization and shedding of cells into the vaginal canal. Below this was a 
broad middle layer, and in the basal layer the blunted papillae projected into the 
homogeneous tissue beneath them. The dark-staining basal layer resembled the 
eleidin layer seen in leukoplakia of the vulva in the human subject. There was a 
collagen-like substance in the underlying connective tissue stroma. 

The uterine tube showed hypertrophy of the papillae, which were covered by 
epithelium consisting of tall columnar cells with basal nuclei. The vessels in the 
thickened musculature were larger than usual 

The ovary was covered by an inactive germinal epithelium, beneath which was 
a thick, fibrous tunica albuginea. The cortex contained numerous follicles in 
various stages of development. There were many light-staining areas, representing 
the remains of atretic follicles. The large hemorrhagic follicle noted in the 
gross description was lined by fragments of membrana granulosa, and there was 
old blood in the cavity. Another large follicle showed beginning degeneration. 

The mammary glands contained greatly dilated ducts. The acinous tissue 
was much more abundant than that in a normal resting breast, but the epithelium 
disclosed no abnormal proliferation. Thus the findings were similar to those 
described by other investigators.* 


COM MENT 


rhe effects of estrogen and progesterone administration in our old 
female monkey were similar to those reported previously.’ In addition, 
our monkey had a large hemorrhagic endometrial polyp. Attention is also 


drawn to the extensive hypertrophy and hyperplasia of the blood vessels 


7. Schwarz, O., and Sherman, A.: Am. J. Obst. & Gynec. 59:1330, 1950. 
&. Pfeiffer and Allen.t Overholser and Allen.* 

9. Pfeiffer and Allen. Overholser and Allen.* Engle and Smith.** Hart- 
man, Geschickter and Speert.5» Engle, Krakower and Haagensen.*© Zuckerman.* 
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in the wall of the uterus, in the endometrium and in the polyp. This 
finding in the vessels usually accompanies endometrial hyperplasia mm 
woman, in the rabbit and also in the monkey 

We have, for many years, been interested in the importance of age as 
a factor in the development of endometrial carcinoma.'’ In the human 
subject it is evidently an important factor, for endometrial carcinoma 
occurs most frequently past middle life. Whether this high incidence of 
carcinoma with advancing age is due to a lessened ability of the tissues 
to control growth or whether it is due to stimulation by endogenous 
substances which may act more frequently and for longer perieds, cannot 
be decided ; it is probably due to a combination of both factors 

Endometrial carcinoma is four times as frequent in women who 
menstruate past the age of 50 years as it is in women having the 
menopause at the usual age."' These findings suggest that the action of 
the endogenous estrogen on an aging endometrium may be the factor 
resulting in cancerous change 

rhe effect of long-continued estrogen administration in old mice of 


inbred strains was studied by Crossen and Loeb.'® In one old mouse 
endometrial changes were produced resembling those seen in adeno- 
carcinoma (adenoma malignum) of the human endometrium. It was 
concluded that the increased incidence of cancer with advancing age is 
largely due to the cumulative effect of repeated growth stimuli. As far as 
growth and cancerous processes are concerned the tissues of older and of 
younger organisms seem to differ only quantitatively in their reactions ; 
the mode of reaction seems to be similar. The addition of exogenous to 
previously active endogenous stimuli may intensify certain growth 


processes initiated by the latter or may induce other growth processes 


SUMMARY 


\n aged female monkey was given 120 mg. of estradiol benzoate by 


implantation plus 1,630 mg. of progesterone (lutocyclin®) by mouth over 
a period of three years. In addition to pronounced cystic hyperplasia of 
the endometrium, a large hemorrhagic endometrial polyp was produced 
Hypertrophy and hyperplasia of the blood vessels were present in the 
polyp, the endometrium and the muscle wall. The role of endogenous and 


exogenous estrogens acting on aging tissues ts discussed 


10 t and Loeb, I Arch. Path. 37:202, 1944 
1] ‘ : andl Hobbs, |. ft ]. Missouri M. A 32:361, 1935 





PITUITARY, ADRENAL AND THYROID IN CYCLOPIA 


HENRY W. EDMONDS, M.D 
Chief of Pathology and Anatomy, Medical Museum, Armed Forces | 
WASHINGTON, BD. C 





es CLOPIA is a distinctive and uncommon congenital malformation 
in man in which there is partial or complete fusion of the eyes. 
Che structural abnormalities of the eyes and their adnexa and the asso- 
ciated changes in the skull and in the brain (the characteristic malforma- 
tion designated as arhinencephaly ) have long been adequately described.’ 
\s part of the regional deficit of structures that normally develop in the 
midline at and below the anterior end of the neural plate, cyclopic fetuses 
may lack a pituitary. It may then be asked whether the absence of the 
pituitary affects the development of other endocrine glands. The answer 
to this question is not to be found in the literature. It is therefore the 
purpose of the present paper to describe the thyroid and the adrenals as 
observed in three cyclopic fetuses lacking a pituitary and in two cyclopic 
fetuses having a pituitary. 

In anencephaly, a relatively common malformation m man, it has been 
known, at least since the time of Ballantyne,’ that the pituitary is gen- 
erally smaller than usual as a result of regional malformation of the 
structures at the base of the brain. While it was once thought that the 
pituitary might be absent in anencephaly, the careful studies of Covell,* 


Vaclav,* Angevine,® and Ch’in® have established with reasonable cer 


tainty that the anterior lobe of the pituitary is present in all cases of 


anencephaly, though it is distinctly smaller than in the normal fetus. It 


is agreed by the authors just cited that in anencephaly the adrenals are 


1. Schwalbe, E., and Josephy, H Die Cyclopie, in Schwalbe, E Die 
Morphologie der Missbildungen des Menschen und der Tiere, Jena, Gustav Fischer, 
1913, pt. 2, chap. 5 

2. Ballantyne, J. W.: Manual of Antenatal Pathology and Hygiene, Edinburgh, 
William Green & Sons, 1904, vol. 2, The Embryo 

3. Covell, S. P.: Am. J. Path. 3:17, 1927 

4. Vaclav, J.: Sborn. lék. 28:399, 1927 

5. Angevine, D. M Arch. Path. 26:507, 1938 

Chin, K. Y.: Chinese M. J., 1938, supp. 2, p 
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characteristically hypoplastic, with a cortex patterned after the adult 
arrangement of layers, lacking the fetal or “X” zone, the involution of 
which is so prominent a feature of the normal neonatal adrenal. In regard 
to the state of the other endocrine glands in anencephaly, opinions have 
been less concurrent. According to Ch’in, the thymus is characterized by 
hyperplasia and the thyroid by moderate enlargement (from distention 
of the acini with accumulated colloid), while the gonads are hypoplastic 
(owing to marked reduction in the number of the interstitial cells) 
According to Vaclav, the development of the thyroid is arrested, the 
acini being filled with cells and not with colloid. Vaclav described the 
gonads as retarded and the thymus as variable and without distinctive 
characteristics. Angevine found no microscopic changes in thyroid, 
thymus or gonads. It would appear that further study of these endocrine 
organs in anencephalic fetuses is indicated. 

In cyclopia the malformation of the structures at the base of the brain 
creates, in regard to the pituitary, a situation partly analogous to that 
existing in anencephaly. It is noteworthy that there have been no cor- 
relative studies of the endocrine glands in cyclopia as there have been in 
anencephaly. It has been recognized that the pituitary may be absent 
In 63 cases reported in papers located primarily through the Index 
Catalogue, Fourth Series,’ the presence or the absence of the pituitary 
was specified only eleven times. It was reported as absent in six cases. 
In only two of the 63 cases reported was mention made of the state of 
the thyroid or the adrenals. Rothschild * described a cyclopic fetus lack- 
ing both pituitary and adrenals. Ozawa" noted smallness of thyroid, 
adrenals and testes in a cyclopic fetus without pituitary. 

Secause of the rarity and striking appearance of cyclopic specimens, 
many have been preserved for museum display, without adequate internal 
dissection. Too, it is apparent from many of the reports in the literature 
that attention has been focused on the morphologic changes in the brain 


and the ocular structures to the exclusion of the remainder of the body 


Whole gross specimens of five cyclopic fetuses are preserved in the 
Medical Museum of the Armed Forces Institute of Pathology. The 
essential features of these specimens are as follows: 


CASES Ol CYCLOPIA WITH ABSENCE OF PITUITARY 
Case 1 (A. F. 1. P. Accession 295238) 4 female cyclopic fetus, sitting height 
17.5 cm. and foot length 4.5 cm., has a tiny nasal proboscis situated above a single 


7. Index-Catalogue of the Library of the Surgeon General's Office, Washington, 
D. C., Government Printing Office, 1938, series 4, vol. 3, pp. 1038-1039 

8 Rothschild, P.: Beitr. z. path. Anat. u. z. allg. Path. 73:65, 1925 

9. Ozawa, M.: Japan. J. M. Sc., V, Path. 4:189, 1939 
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eye that has a single pupil. Internally, neither pituitary nor optic nerve is present. 
The gestational age is 22 weeks, estimated by the tables of Streeter.'® 

Case 2 (A. F. L. P. Accession 295237).—A female cyclopic fetus, sitting height 
31.5 em. and foot length 7 cm., has a well developed nasal proboscis situated above 
a single eye that has two pupils. Internally, both optic nerve and pituitary are absent. 
There is malformation of the heart and great vessels, involving transposition of 
the arterial trunks and retention of the right aortic arch in lieu of the left. The liver 
and the spleen are laterally inverted, and the bowels lie in a position of inverse 
rotation. The estimated gestational age is 35 weeks. 

Case 3 (A. F. L. P. Accession 292104).—A male cyclopic fetus, sitting height 
32.5 cm. and foot length 7 cm., has a well developed nasal proboscis situated above 
a single eye that has two pupils. Internally there is neither optic nerve nor pituitary. 
The estimated gestational age is 35 weeks. 


CASES OF CYCLOPIA WITH PRESENCE OF PITUITARY 

Case 4 (A. F. L. P. Accession 280256) —A female cyclopic fetus, sitting height 
22.5 cm. and foot length 5.3 cm., has two small nasal proboscises situated one above 
and one below a single eye that has two pupils. Synotia is present, accompanied 
with micrognathia. Internally a single optic nerve and a pituitary are found. There 
are persistent right and left superior caval veins. The arterial trunks of the heart 
are transposed, with a right aortic arch. Stomach, liver and (duplicated) spleen are 
laterally inverted. The bowels are in a position of nonrotaticn. The estimated 


gestational age is 26 weeks 


Case 5 (A. F. L. P. Accession 295239).—A male cyclopic fetus, sitting height 


33 em. and foot length 7.2 cm., has a single eye with a single pupil. No nasal 


proboscis is present. Internally an optic nerve and a pituitary are found. The esti- 
mated gestational age is 36 weeks 


In the dissections, no difficulty was experienced in deciding whether 
or not a pituitary was present. In the two cases in which the gland was 
located, it lay within a sella of normal form. In those cases in which a 
pituitary was lacking, there was likewise no sella, owing to marked 
reduction in the size of the sphenoid bone. The ease with which the 
pituitary may be found in cyclopic fetuses (when it is present) is in 
contrast with the difficulty frequently encountered in dissection of 
anencephalic fetuses, for in the latter the region of the sella is generally 
obscured by a thick carpet of hypertrophic congested meninges. 

On removal of the endocrine glands in the dissection of the fetuses, 
tracings were made to represent, in silhouette, the maximum area of each 
gland. The outlines so obtained are reproduced in figure 1. It is apparent 
that the outlined areas for the thyroid gland are distinctly larger in the 
two cases in which a pituitary was present than in the three cases in 
which there was no pituitary. In the smaller thyroids the lateral lobes 


were separated from each other. 


10. Streeter, G. L Contrib. Embryol. 11: 143, 1920. 
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houettes representing the maximum surtace areas of the endocrine 
yclopic fetuses, reduced to half natural size. The pituitary (present 
5 only) is drawn in black, the thyroid in horizontal ruling, the thymus 

the adrenals in diagonal ruling, the gonads im vertical ruling and 


arse stippling 
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Fig. 2 (case 1).—Photomicrographs of (4) thyroid, (B) adrenal, (C) thymus 
and (D) ovary from a cyclopic fetus that lacked a pituitary (estimated gestational 
age, 22 weeks). The adrenal cortex is narrow, without a “fetal” zone. Hema- 
toxylin and eosin stain; x 100. Armed Forces Institute of Pathology Acc. 295238 
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Fig. 3 (case 3) Photomic rographs of (A) thyroid, (B) adrenal, (C) thymus 
and (/)) testis from a cyclopic fetus that lacked a pituitary (estimated gestational 
age, 35 weeks). The adrenal cortex is narrow, without a “fetal” zone. Hema- 
toxylin and eosin stain; « 100. Armed Forces Institute of Pathology Acc. 292104. 
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It will be noted that the adrenals were relatively small in the three 
cases in which a pituitary was lacking and relatively large (normal for the 
age) in those cases in which a pituitary was present. 

There is greater variability in the size of the thymus. A distinction 
between the thymus in those cases with pituitary and those without 
pituitary is not apparent in the tracings. Similarly, no significant differ- 
ences are apparent in regard to the gonads. A tracing of one of the 
kidneys is added in each case to show the size of a representative non- 
endocrine organ 


MICROSCOPIC OBSERVATIONS 


In cases | and 3 of the present study, sections of the adrenals show 
a narrow cortex without the broad fetal cortical zone which is so char- 
acteristic of the adrenal of this age group. Sections of thyroid, thymus 
and gonads (ovary in case | and testis in case 3) show no significant 
deviation as compared with the normal. The sections are pictured in the 
photomicrographs of figures 2 and 3. 

Cases 2, 4 and 5 of the present study are represented by older speci- 
mens in which preservation of tissue detail is not adequate for satisfactory 
histologic examination. In cases 4 and 5, however, serial sections of the 
pituitary serve to confirm the gross identification of this gland and to 
demonstrate that it is comprised entirely of anterior lobe without neural 
components 

COMMENT 

The gross and microscopic changes described here as observed in 
cyclopic fetuses lacking a pituitary are comparable to those described as 
obtaining in anencephaly. In regard to the mechanism of the alterations 
observed in the endocrine glands in anencephaly, both Ch'in and 
\ngevine take the association of selective cortical hypoplasia of the 
adrenals to stand in obvious anatomic relationship with the quantitative 
deficiency in the anterior hypophysis. Angevine, however, qualifies his 


acceptance of such a relationship in the statement “The functional rela- 





tionship of the two endocrine organs is defined with difficulty because 


anencephalic fetuses are continually under the influence of hypophysial 


hormones of the mother.” 

lhe degree to which the placenta can be permeated by the hormones 
of the anterior lobe of the pituitary has been incompletely assessed. 
According to Loeb"™: 


11. Loeb, I The Biological Basis of Individuality, Springfield, Ill, Charles C 
Thomas, Publisher, 1945, p. 167 


pein apialts A Pot Rav BES as Go 








ARCHIVES OF PATHOLOG) 


The union between child and mother in the uterus, by means of the placenta, 
may be considered as a modified state of parabiosis, in which both organisms lead 
largely an independent life and in which both carry on their own metabolism, but 
in which to a certain degree an exchange of substances may take place through 


the placenta 


\ron '* demonstrated that the placenta was nonpermeable to the 
hormones of the anterior lobe of the pituitary, using guinea pigs as 
experimental animals and the fetal thyroid as indicator. Cattaneo ' 
demonstrated that the placenta was permeable to posterior pituitary 
hormones, to epinephrine and to choline, using sheep as experimental 
animals and fetal blood pressure as indicator 

The findings in both cyclopia and anencephaly in regard to a reduc 
tion of the adrenal cortex associated with absence or quantitative diminu 
tion of the anterior lobe of the pituitary lend support to the belief that 
the placenta is not permeable to the hormones of the anterior lobe of the 
pituitary. An alternative hypothesis—that in cyclopia and in anencephaly 
there exists an insufficiency of anterior pituitary principles in the mother 

may be considered beyond possibility since cyclopia and anencephaly 
have each been observed affecting only one member of twins as well as 
only one component of a double monster 

Che stimulating effect exerted by the pituitary on the thyroid has been 
well known since the experiments of Loeb and his associates '* leading to 
the demonstration of the thyreotropic hormone of the pituitary, and needs 


no turther comment 


\n additional point of interest, following from the observations here 


reported, is the indication that the stimulating relationship of the anterior 


lobe of the pituitary to the adrenal cortex and thyroid is active in fetal 
life as well as in postnatal existence 

lhe pituitary-adrenal interrelationship may not be established in 
rats until several days after birth, as Jailer '® pointed out in a recent 
study showing that the neonatal rat adrenal responds to experimental 
injection of adrenocorticotropic hormone and not to administration of 
epinephrine or to exposure to cold. Jailer suggested, however, that the 


rat pituitary is less mature at birth than is the human pituitary 


12. Aron, M Strashoure méd. 00:333, 1930 
attaneo, I Arch. ital. de biol. 90: 100, 1933-1934 


eb, L., and Bassett, R. B Proc. Soc. Exper. Biol. & Med. 27:490, 1936 
Bassett, R. B., and Friedman, H Ibid. 28:209, 1930 
ler, |. W Endocrinology 46:420. 1959 
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SUMMARY 


°xamination of three cyclopic fetuses lacking a pituitary has shown 
reduction in the adrenal cortex comparable to that described in anen- 
cephaly, as well as smallness of the thyroid without histologic change. 
Examination of two cyclopic fetuses in which the anterior lobe of 
the pituitary was present has demonstrated normal development of 
the adrenals and the thyroid. These data support the hypotheses that the 


placenta is not permeable to the hormones of the anterior lobe of the 
pituitary and that the pituitary-adrenal and pituitary-thyroid interrela 


tionships demonstrated in postnatal life are also active in the fetus 











EFFECT OF ROENTGEN RAYS ON THE TESTIS 
Quentitative Histological Analysis Following Whole Body Exposure of Mice 


ALLEN 8. ESCHENBRENNER, M.D. 
AND 
ELIZA MILLER, AB. 
BETHESDA, MD 


Y‘INCE 1903 there have been in the literature numerous reports 
\/” concerning the histological changes observed in mammalian testes 
after a single roentgen ray exposure. The interpretation of the material 
with regard to the relative sensitivity of various components of the 
testes has been variable. The primary spermatocytes were considered the 
most sensitive by Bergonie and Tribondeau' and by Henshaw.? The 


; 


spermatogonia were considered the most resistant by Wigoder 


and by 
Metz.* As well summarized by Heller, 


Since the 1925 account of Schinz and Slotopolsky * detailing and illustrating 
the changes produced by x-irradiation in the seminiferous tubules, however, the 
greater weight of opimon has held that the spermatogonia are first to be affected 
This is the view of Regaud and Blanc’ and Lacassagne and Gricouroff*; it is 


onclusion reached in the present study 


In an earlier publication * a report was made of quantitative histo 


logical analyses of the testes of mice observed at intervals of two months 


From the United States Public Health Service, National Institutes of Health 
National Cancer Institute 
Bergonic, J., and Tribondeau, | Compt. rend. Soc. de biol. 57:400 and 
904; $8:154 and 678, 1905 
2. Henshaw, P. §S }. Nat. Cancer Inst. 4:485, 1944 
Wigoder, S. B Brit. '. Radiol. 2:213, 1929 
Metz, C. W The Male Germ Cells, in Cowdry, E. \ Special Cytology 
2, New York, Paul B. Hoeber, Inc., 1932, vol. 2, p. 1729 
5. Heller, M The Testis, in Bloom, W Histopathology of Irradiation from 
Internal rees, New York, McGraw-Hill Book Company, In 


and Slotopolsky, B Ergebn. med. Strahlenforsch. 1:443 


Blanc, | Compt. rend. Soc. de biol. 61:163, 19% 
and Gricouroff, G Action des radiations sur les tissus, 
194] 
and Miller, f Nat. Cancer Inst. 6:343 
nz, | Ibid. 9:133, 1948 
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alter the whole bodies of the mice had been exposed for 2 to 16 months 
to &8 r, 4.4 r or 1.1 r, respectively, of gamma radiation given in eight 
hours daily. It was found that despite obvious decrease of the total 
quantity of spermatogenic elements in the testes of chronically irradiated 
mice, the proportion of these cells in different stages of spermatogenesis 
was normal. It was tentatively concluded that chronic irradiation results 
in a retardation of the rate of multiplication of spermatogonia, cell death 
being minimal. To throw more light on the nature of the effect of 
irradiation on spermatogenic elements, a study has been made of the 
damage and recovery pattern following acute roentgen irradiation, and 
this forms the basis of the present report. Mice have been given whole 
body exposures of from 50 to 400 r, and serial studies have been made 
of the testes. A study has also been made, for comparison, of the damage 
and recovery following a second dose administered after the mice had 
recovered from the initial dose of radiation. For collateral interest, 
some data are included from preliminary experiments in studies on the 
damage and recovery pattern of the testes of mice exposed to radiations 
from a 10 mev betatron. 


EXPERIMENTAL PROCEDURE 


The mice were of the same strain as those used in earlier work,® being LAF, 
hybrid males from colonies maintained at the National Cancer Institute. They 
were 3 months of age at the beginning of irradiation. 

The low voltage roentgen irradiation of the whole body in doses of from 50 to 
400 r was given under the following conditions: tube voltage, 170 kv. peak; tube 
current, 20.0 ma.; filter, 0.25 mm. copper and 0.5 mm. aluminum; focus to middle 
of mouse, distance 50 cm. The doses were administered at the rate of 64 r per 
minute, measured in air with a victoreen® thimble chamber r-meter 

The high voltage irradiation of the whole body was given usder the following 
conditions ©: The spectrum of the 10 mev Naval Ordnance Laboratory betatron 
determined by M. Wiener and T. Wang"! at the National Bureau of Standards 
is 11.0 mev peak with a distribution in essential agreement with the theory of 
Heitler. The irradiations given were 165 r (33 r/min. for five minutes) and 
300 r (37 r/min. for eight minutes) as measured in air with a victoreen® thimble 
chamber r-meter. 

For serial study of the damage and recovery pattern following the different 
doses used for acute irradiation, 4 mice, together with 1 nonirradiated control, were 
killed at seven day intervals following the irradiation. The testes of the mice were 
dissected free of the epididymis and fat and weighed on a torsion balance. They 
were fixed in Zenker-formaldehyde solution for 4 to 5 hours, washed for 12 to 20 
hours in running water and placed in 70 per cent ethyl alcohol for several days 
Each was then cut into halves. These were dehydrated in ethyl alcohol and 
embedded in paraffin. The sections were cut 7 microns in thickness and stained 
with hematoxylin and eosin. Quantitative analyses of the testes were done by 


10. In the betatron exposures, assistance was given by Mr. Donald O'Connor, 
of the Naval Ordnance Laboratory, and Dr. Theodore Wang, of the National 
Bureau of Standards. 


11. Wang, P. K. S., and Wiener, M.: Physiol. Rev. 76:1724, 1949. 
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means of Chalkley’s method’? as described in an earlier publication.*”» This 
refers to the methodology and also to the criteria used for the identification of 
various cellular elements of the testes 


Studies on the effect of two successive acute irradiations were carried out 
mder the following conditions A group of mice, 3 months of age, were subjected 
1 200 ¢ whole body irradiation At seven day intervals thereafter, four mice 
were killed and examined as described above When it was observed that the 
weights of the testes of mice had returned to normal values 12 weeks after irradia 
tion, the remaining mice were given a second 200 r whole body irradiation At 


seven day intervals four mice were killed and examined as above 
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big Effect of acute whole body roentgen irradiation as reflected by weights 
i testes. Each point on the curve is an average value for four mice. The testicular 
weights of the irradiated mice are expressed as per cent of weight of testes of non 
rraciated mice of the same age 


RESULTS 


lhe course of damage and recovery of the testes following a single 


whole body exposure to SO _ wo r 200 ol 300 r or 400 rf as reflected 





by the weight of the testes is shown in figure 1. It will be seen that the 


urves are qualitatively the same and differ with respect to the degree 
of loss of weight and also the time required for return of normal weight 
What at first appears to be a remarkably long time required for an 
observation of a maximum effect, reflected in testicular weights, actually 
represents a masking of an immediate effect because of the selective 
sensitivity of a single stage of spermatogenesis, as brought out in the 


a 


following histological observations 


12. Chalkley, H. W 1. Nat. Cancer Inst. 4:47, 1943 
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Upper part Portions of three representative tubules of a normal 

owing spermatogonia, spermatocytes, spermatids and spermatozoa x 700 

ywer part Portions of three representative seminiferous tubules of a testis 

eck after whole body exposure to 400 r of roentgen radiation. The population 

s of spermatocytes, spermatids and spermatozoa There is a conspicuous 
{ spermatogonia. x 700 








Fig. 3.—-Upper part: Portions of three representative seminiferous tubules of a 
testis two weeks subsequent to whole body exposure to 400 r of roentgen radiation 
The population consists only of spermatids and spermatozoa. There is a con 
spicuous absence of spermatogonia and of spermatocytes. x 700 

Lower part: Portions of three representative seminiferous tubules of a testis 
three weeks after whole body exposure to 400 r of roentgen radiation. The popu 
lation consists only of spermatogonia and spermatozoa. There is a conspicuous 
absence of spermatocytes and of spermatids x 700 


740 





Fig. 4.—Upper part Portions of three representative seminiferous tubules of 
a testis four weeks after whole body exposure to 400 r of roentgen radiation. The 
population consists of spermatogonia, spermatocytes an spermatozoa. There is 
an absence of spermatids. x 700. 

Lower part: Portions of three representative seminiferous tubules of a testis 
five weeks after whole body exposure to 400 r of roentgen radiation. The popula- 
tion consists of spermatogonia, spermatocytes and spermatids. Spermatozoa are 
absent ~ 700 
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upper part. One week after irradiation the testes appeared normal 
except for a conspicuous absence of resting and of mitotic spermatogonia 
\ typical microscopic field seen one week after 400 r irradiation ts shown 


For comparison, a section of a normal testis is shown in hgure 2 


in figure 2, lower part. Two weeks after the 400 r exposure there is an 
absence of spermatogonia and of spermatocytes and approximately 
normal numbers of spermatids and spermatozoa as shown in figure 3, 
upper part. Three weeks after the 400 r exposure the spermatogonia 
have increased markedly in numbers, and the only other spermatogenic 


Fig. 5.—-Portions of three representative seminiferous tubules of a testis six 
weeks subsequent to whole body exposure to 400 r of roentgen radiation. The 
population, with regard to various stages of spermatogenesis, has returned to normal 
although the total numbers are probably less than normal in view of the 


observation 
that the weight of the 


testis was much less than normal x 7OO 


elements remaining in the tubules are mature spermatozoa as shown 
in the lower part of figure 3. Four weeks after exposure one finds, 
spermatogonia, spermatocytes and a very few spermatozoa, as shown in 
figure 4, upper part. Five weeks after exposure one finds all sper- 


> 


matogenic elements except mature spermatozoa (fig. 4, lower part) 


Six weeks after irradiation the tubules of the testes contained all sper 


matogenic elements from spermatogonia to mature spermatozoa (fig. 5), 
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although the population is not yet normal in num)ers as shown in the 
testicular weight curves (fig. 1). Thus, subsequeat to irradiation, the 
spermatogonia, which are the source of other spermatogenic elements, 
are depleted, but the elements in any other given stage of spermato- 
genesis continue what appears to be a normal maturation process. After 
recovery from the effects of irradiation the spermatogonia multiply and 
become a source of successive stages of spermatogenesis. Although at 
three weeks after irradiation the spermatogonia have recovered and their 
total number probably exceeds that found in a normal testis, a further 
decrease of testicular weight occurs at the fourth week in the instance of 
animals exposed to 200 r, 300 r or 400 r, as shown in figure 1. This 
does not represent a discrepancy, as will be brought out in the comment, 
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Fig. 6.—Cell population of the seminiferous tubules of the testes of mice fol 
lowing whole body exposure to 400 r. The proportions of the cells in different 
stages of spermatogenesis are shown as percentages of the values for cells in such 
stages in nonirradiated testes. Each point on the curve represents an average 
value for four mice 


if one considers the relative sizes and numbers of cells in different stages 
of spermatogenesis. 

In view of the controversy mentioned in the introduction, the cell 
populations of the seminiferous testes of mice exposed to 400 r were 
analyzed by means of Chalkley’s method. The results of this analysis are 
shown graphically in figure 6 and are recorded in the table. It is 
important to consider that although the data do not represent cell 
numbers but represent areas, they are, however, a reflection of actual 
cell numbers 

While a nucleus which showed pyknosis or fragmentation was 
occasionally seen near the basement membrane of a tubule after irradia- 


tion, such nucle’ were few 
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lhe use of Chalkley’s methed to obtain quantitative data with regard 
to cell populations of the seminiferous tubules gives ratios of total areas 


of nuclei of a given stage of spermatogenesis, expressed in terms of per 


cent of such values found in normal testes.” This is a reflection of cell 


numbers with the exception of one stage of the recovery process. It was 
quite noticeable that during the period preceding the reoccurrence of 
mitosis of spermatogonia, some nuclei of resting spermatogonia were 
larger than those seen in a normal testis. Such large nuclei of sper- 
matogonia were seen during the period between 14 and 21 days. At this 
time, therefore, the total area of nuclei of spermatogonia is not as truly 
a reflection of cell numbers as it is at other times. 


While quantitative histological analyses of the testes of mice exposed 
to 50 r have not yet been completed, there is to us no question that they 


inalysis of the Cell Populations of the Seminiferous Tubules of the Testes * 


Spermatogenic Elements: Relative Tota! 
Areas of Random Samples of Nuclear 
Material in Histologie Seetions 

A~ — ——~ 
Weeks Body Testes Spermatogonia 
Afterir. Weight, Weight, : Spermato Sperma.- Spermatozoa 
radiation Gm Me Resting, Mitotic,% cytes, % tids, % Heads, % 
ae 3.3 0 %.1 101.2 112.42 
148 4.7 oO 24 ws we 
1 1054 27.2 548 2.5 132.5 
79 N72 25.3 w4 113 
” 188.5 162.1 4.8 82.8 
167.0 149.0 4.7 50.5 
i“ 10.0 2 100.0 4 
1s 108.0 m0 w.7 va 


* The results given were obtained by applying Chalkiey'’s method to an analysis of the cell 
populations of the seminiferous tabules of the testes of mice after these had received whole 
body irradiation with @0r of roentgen rays Pach value represents an average for four 
mice, expressed as per cent of normal for a given stage of spermatogenesis. 


reveal evidence of only a partial inhibition of mitoses of spermatogonia 
in contrast with a two week complete inhibition seen in testes of mice 
exposed to 400 r. The degree of retardation of mitoses cannot be estab- 


lished until further quantitative histological analyses are complete. The 


sections of testes, however, reveal spermatogonia m mitosis throughout 
the postirradiation period. The assumption of the occurrence of retarda- 
tion is based on the observed loss of weight of the testes, as will be 
brought out in the comment. 

lhe damage and recovery pattern of the mouse testes as reflected in 
testicular weights resulting from a second acute roentgen exposure after 
the mouse had recovered from an initial exposure is shown in figure 7 
In this figure one sees that the pattern of loss and recovery of weight is 
the same for a second acute exposure after the testes have returned to 
normal weight subsequent to an initial exposure. It is assumed, of 





ESCHENBRENNER-MILLER—ROENTGEN RAYS-TESTIS 745 


course, that the curve following the first exposure is a reflection of what 
had also taken place in the mice which were killed at weekly intervals 
to establish the curve for response to a second exposure. 

The course of damage and recovery of the testes of mice exposed to 
the 11.4 mev betatron is also shown in figure 1. Cursory histological 
examination of sections of these testes shows no difference in response 
from that seen following exposure to 186 kv. roentgen rays. Quantitative 
histological analyses have not yet been carried out on these tissues. It 
will be seen that the curves obtained following exposure of mice to 
roentgen rays of the two different energies are the same. If one uses the 
loss and recovery of weight of the testis as an index, it can tentatively 
be assumed that one is dealing with the same biologic effect. 


COMMENT 
For sensitivity and reproducibility of results the testis is almost 
without parallel as a mammalian test organ for measuring the biologic 





“~~ 


- 
Zz 
a 
Y 
a 
w 
a 


I 


i i i i rT i i 
10 2 16 e® 2 24 26 
WEEKS 











Fig. 7.—Effect of two successive acute whole body roentgen irradiations, as 
reflected by weights of testes. The time of irradiation is indicated by arrows. 
Each point on the curve is an average value for four mice. Testicular weights of 
irradiated mice are expressed as per cent of weight of testes of nonirradiated mice 
of the same age 


effect of ionizing radiations. The pattern of injury and recovery reflected 
in the weights of the testes is correlated with the dose administered. 
The minimum weights of the testes observed are dependent on dose. In 
addition to this, the time required to effect the minimum weights, as 
well as the time required for the weights to return to normal, is a function 
of dose. This was shown to be true for different doses of roentgen rays 
of 186 kv. Preliminary studies using the 10 mev roentgen rays indicate 
that it probably holds true also for roentgen rays in the multimillion volt 
range. A similar histological effect was also seen following chronic 
gamma irradiation."” The mouse testis will no doubt prove to be a 
valuable tool for subsequent studies on the relation between biologic 
effect and physical dose of ionizing radiations. 

In a previously reported study * a quantitative histological analysis 
was made of the cell populations of the seminiferous tubules of the testes 
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of mice exposed to 8.8 r and to 4.4 r gamma radiation given in eight 
hours daily. This analysis showed that although the total numbers of 
cells in the seminiferous tubules markedly decreased as a result of chronic 
irradiation, there was a normal proportion of all stages of spermato- 
yenesis. Since there was a near absence of degenerating forms, it was 
assumed that the effect of the chronic irradiation was largely one of 
retardation of the rate of multiplication of spermatogonia. The findings 
in the present experiments lend support to that tentative conclusion. 

Che histological observations in these experiments are of importance 
with regard to considerations of both the mechanism of the biologic 
effects of radiations and the normal histologic aspects of the spermato- 
genic elements. The near absence of morphologic evidence of cell death 
is striking. This is true even when the testes are reduced to 40 per cent 
of their normal weight on being exposed to 400 r. When it is considered 
that this decrease of weight is due entirely to decrease of quantity of 
spermatogenic elements, the interstitial tissue and supporting stroma 
remaining normal in total amounts,” the finding is even more striking 
than is at first apparent. A second significant histological observation is 
that the depopulation of the spermatogenic elements is due to the selective 
sensitivity of a single cell type, the spermatogonia. Furthermore, this is 
due not to destruction of spermatogonia, as mentioned, but to an inhibi 
tion of mitotic activity for a period of between two and three weeks 
following exposure to 400 r. While we cannot yet express the histological 
changes in the testes of mice exposed to 50 r in a quantitative manner, 
qualitative histological observations, together with data on weights of 
fresh testes, strongly point to a partial inhibition under these conditions 
of irradiation. The presumptive evidence for such partial inhibition is as 
follows: Loss of weight of testes of mice exposed to graded doses of 
radiation from 50 r to 400 r is due to decrease of total quantity of 
spermatogenic elements. In the testes of mice exposed to 400 r there is 
an absence of mitoses of spermatogonia seven and 14 days after irradia- 
tion, On the other hand, while the weights of testes of mice exposed to 
50 r are decreasing, spermatogonia are seen in mitosis. Until quantita- 
tive histological data present evidence to the contrary, we can assume 
only that we are dealing here with a partial inhibition of mitoses of 
spermatogonia. If, now, this assumption proves to be correct, it indicates 
that in the case of spermatogonia the ionizing radiation causes a graded 
inhibition of mitoses in proportion to the dose administered. In other 


words, we probably are not dealing with an all or none effect 


Mitotic activity of spermatogonia in which they reproduce their own 
kind is considered to be similar to somatic mitosis. On the other hand. 


the process of maturation and division of the progeny of the spermato- 


gonia is considered to be peculiar to germinal cells. In the normal testis 
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it is generally considered '* that during the maturation process in which 
spermatogonia develop into primary spermatocytes, one sees a hetero- 
typic mitosis in which there is a simple allocation of the four sets of 
chromosomes to two daughter secondary spermatocytes. On a morpho- 
logical basis the division of secondary spermatocytes each into spermatids 
(monads) is considered to be a homeotypic mitosis. This has been 
designated as homeotypic because each of the daughter spermatids 
receives one half of each of a pair of chromosomes from the spermatocyte 
as in the case of somatic mitoses. The fact that a retardation was not 
found in this cell division in the present experiments suggests that the 
morphologic similarity between this and somatic cell divisions is not a 
true reflection of the physiology of this cell division because of the 
difference in sensitivity to ionizing radiations 

It will be noted in figure 6 that the slopes of the curves representing 
decrease of each spermatogenic element are parallel. This suggests that 
the radiation administered had no discernible effect on the rate of sper- 
matogenesis of various stages from spermatogonia to spermatozoa. The 
finding of a difference in slopes of the curves representing repopulation 
of various spermatogenic elements may reflect only a normal difference 
in the time required to proceed from one stage of spermatogenesis to the 
next, although this is speculation. 

rhe observation that nuclei of resting spermatogonia are enlarged 
just before the return of mitotic activity of spermatogonia suggests that 
these nuclei are enlarging preparatory to going into mitosis but that 
for one reason or another they are unable to do so. It is natural to 
assume that a repair process is going on which involves metabolic 
systems that are essential to mitotic activity, although there is no 
morphological evidence to support this assumption. Similar large nuclei 
of spermatogonia were seen in the testes of mice chronically exposed to 
+4 r or to 8.8 r given in eight hours daily for 12 to 16 months.” They 
were also occassonally seen in nonirradiated testes in the currently 
reported experiments. 

lhe observation that the damage and recovery pattern of the testes 
reflected in the testicular weights after a second irradiation is the same 
as that following recovery from a first suggests, although it does not 
necessarily prove, that there is no residual metabolic damage in sper- 
matogenic elements following recovery from sublethal doses of irradia- 
tion. The possibility that there is a variation in the sensitivity of different 
spermatogonia is unlikely because one would expect the less sensitive 
cells to reproduce their own kind in reconstituting the population of the 


testes. Such a reconstituted population might be expected to be less 


13. Maximow, A. A., and Bloom, W \ Textbook of Histology, ed. 4. 
Philadelphia, W. B. Saunders Company, 1942 
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sensitive to irradiation, which does not seem reasonable in view of the 
similarity of the two curves. One can only say, however, that the fact 
that the damage and recovery pattern following a second dose was the 
same as that following the initial dose indicates that there was complete 
metabolic recovery only with respect to the process of spermatogenesis. 
More complete cytological and genetic studies would be necessary to 
throw light on this question. 

The length of time (between 14 and 21 days) required for the 
spermatogonia to recover from the mitosis-inhibiting effect of irradiation 
is rather striking. If it is true that the division of spermatogonia to 
reproduce their kind is really similar to the division of somatic cells, a 
similar irradiation effect should be observed in other tissues. Experi 
ments have been initiated to determine whether this is the case 


SUMMARY 


LAF, mice were exposed to 50 r, 100 r, 200 r, 300 r and 400 r of 
186 kv. roentgen rays directed to the whole body at 3 months of age. 
The course of damage and recovery of the testes was studied by observ- 
ing the weights of the fresh testes and by quantitative histological analysis 
of spermatogenic elements. This damage-recovery pattern was also 
studied in terms of weights of fresh testes following a second 200 r 
roentgen irradiation of the whole body after the testes had recovered 
from an initial dose; and in terms of weights of fresh testes following 
exposure to a 11) mev source of roentgen rays for comparison with 
186 kv. roentgen rays. From these studies the following tentative con- 
clusions have been drawn. 

1. The course of loss and recovery of weights of testes and the 
histological appearance during this damage and recovery period can be 
explained on the basis of a selective effect of radiation on a single stage 
of spermatogenesis, the spermatogonia 

2. This effect of the doses used, on a single stage of spermatogenesis, 
is not one of cell death but is one of inhibition of division of spermato- 
gonia to form daughter spermatogonia 

3. Resting spermatogonia present at the time of irradiation appear 
to develop normally into spermatocytes, spermatids and spermatozoa. 

+. The process by which the spermatogonia divide into daughter 
spermatogonia and the secondary spermatocytes into spermatids is gen- 
erally considered to be morphologically the same as somatic mitosis in 


general. Such morphologic similarity was noted in the present experi- 


ments. The observation that there is a difference in the sensitivity of 
these two cell divisions to ionizing radiation suggests that they are 
physiologically different, although morphologically similar. 
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5. The course of damage and recovery of the testis following 
exposure to a second dose of radiation is the same as that of damage and 
recovery following an initial exposure. 

6. The pattern of loss and recovery of weights of the testes of mice 
exposed to 10 mev roentgen rays is the same as that following exposure 
to 186 kv. roentgen rays. 

Because of its sensitivity and the reproducibility of results, the testis 
is almost without parallel as a mammalian test organ for measuring the 
biologic effect of ionizing radiations. It will no doubt prove to be a 
valuable tool for subsequent studies on the relation between biologic 
effect and physical dose of ionizing radiations. 











TESTICULAR INTERSTITIAL CELL TUMORS IN HYBRID MICE 
GIVEN TRI-P-ANISYL CHLOROETHYLENE 


W. U. GARDNER, Ph.D. 
AND 
J. BODDAERT * 
NEW HAVEN, CONN 


ESTICULAR interstitial cell tumors occur rarely in untreated 


mice of most strains,’ but in mice of some strains they occur 


frequently subsequent to the injection of estrogens—especially in mice 


of the Strong A and the C strain.’ Interstitial cell tumors appeared in 
seven mice of the JK strain and in one mouse of the C,H strain that 
had been subjected to prolonged treatment with triphenylethylene 
(Gardner, 1943, table 1). 

The strain-limited tendency for interstitial cell tumors to appear 
among estrogen-treated mice and the fact that they appeared among 
hybrids obtained by crossing a susceptible strain with a resistant strain 
lead to the assumption that susceptibility is genetically determined,"* but 
the experiments, although extensive, were not conclusive, as studies were 
not carried out on mice beyond the first hybrid generation, because 
other types of tumors appearing at early ages prevented the desired 
survival of the experimental animals and because quantitative differ 
ences in the amount of estrogen administered did not range widely 


enough 


From the Department of Anatomy, Yale University School of Medicine 

* Belgian-American Educational Foundation Fellow on leave of absence from the 
department of pathology of the University of Ghent, Belgium 

This investigation was supported by grants from the Anna Fuller Fund, the 
Jane Coffin Childs Memorial Fund for Medical Research and the United States 
Public Health Service 

1. (a) Athias, M Arq. Pat. 17:397, 1945. (b) Athias, M., and Furtado 
Dias. M. 7 Ibid. 13:381, 1941. (c) Gardner, W. U Cancer Research 3:757, 
1943 

(a) Bonser, G. M J. Path. & Bact. $4:149, 1942; (b) 56:15, 1944. (c) 

Bonser, G. M., and Robson, J]. M.: Ibid. 1:9, 1940. (d) Hooker, C. W.; Gardner 
W { and Pfeiffer, ¢ \ J 4 M.A 115: 443, 1940. (¢) Hooker, C. W . and 
Pieiffer, C. A.: Cancer Research 2:759, 1942. (f) Shimkin, M. B.: Grady, H. G 
and Andervont, H. B |. Nat. Cancer Inst. 2:65, 194] 
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The synthetic estrogen tri-p-anisy! chloroethylene is more active 
biologically than is triphenylethylene. Biologically it behaves as a pro- 
estrogen, although the S/L ratio™ is relatively low.*® It is stored in 
large amounts in the body fat for appreciable periods. The appearance 
of interstitial cell tumors among hybrid mice was observed when tri-p- 
anisyl chloroethylene was administered, although such tumors had not 
been observed previously when mice of the same stock were treated with 
another estrogen.* 

MATERIALS AND METHODS 

The mice used in this investigation were hybrids designated CC, in this 
laboratory (Ca? x CBA#4). Throughout the experiment they were maintained 
in an air-conditioned room (temperature 72-76 F. and humidity 50-60 per cent) 
They were fed a prepared food (purina® fox chow) and water ad libitum. 

Ninety-two mice from 28 to 52 days of age at the start of the experiment were 
given weekly subcutaneous injections of 50 micrograms of tri-p-anisyl chloro- 
ethylene ® dissolved in 0.05 cc. of sesame oil (TACE 1*). After the experiment had 
been in progress from four to six months 49 of the mice were given weekly 100 
micrograms of the estrogen in 0.05 cc. of sesame oil (TACE 2°). 

All the mice were examined daily until tumors developed, until death or until 
their general condition declined. At necropsy all organs were examined for gross 
lesions, and tissues or organs showing lesions, in addition to the genital organs 
and adrenal glands, were preserved in Bouin's fluid for histological study. In 
addition the mammary glands of 14 representative mice were studied as whole 
mounts 

In previous experiments 17 males of the same genetic origin and 25 reciprocal 
hybrid mice were given estradiol benzoate,* and none had testicular tumors, 
although 13 survived for more than 500 days 


OBSERVATIONS 

Testes —Of the 92 male mice, 76 survived 20 months or more and 
46 had testicular tumors at death (table 2 and fig. 1). The 46 tumorous 
testes were classified in two groups, testes of normal size or reduced 
size, and testes showing enlargement in excess of normal. The testes 


of the first type were of normal size or were from one-half to two- 


thirds normal size. They were never larger than normal size. The 


tunica albuginea was usually considerably thickened. 

3. (2) C. W. Emmens (J. Endocrinol. 2:444, 1941) defines the “S/L 
(systemic: local) ratio” as “the ratio of the median effective subcutaneous dose 
(that required to give 50% of positive responses) to the corresponding intravaginal 
dose.” (b) Thompson, C. R., and Werner, H. W.: Federation Proc. 4:137, 1945; 
$:208, 1945 

4. Gardner, W. U.: Cancer Research 1:345, 1941 

5. The tri-p-anisyl chloroethylene was supplied by the W. S. Merrel Company, 
Research Laboratories, Cincinnati, through the courtesy of Dr. Harold W. Werner, 


director, Scientific Laboratories 
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he testes of the second type ranged in size from 0.8 cm. to 2.2 cm. 
in diameter. These testes were spherical or pear shaped, with smooth 
or nodular surfaces, and often showed prominent distended blood vessels. 
Through the tunica albuginea the tumorous tissue appeared as white 
masses in which characteristic yellowish spots or streaks were present. 
Areas of hemorrhage and necrosis appeared reddish brown. 


Of the 46 mice having testicular tumors, 22 had unilateral tumors 
and 24 had bilateral tumors. Twenty-five animals had tumors that 
enlarged the testes. No correlation between the size of the tumor and 
the period of treatment was demonstrable; large tumors were evident 
after 600 days and small tumors were found after 850 days (table 2). 
Most of the large tumors appeared in mice older than 700 days (fig. 2). 


Taste 2.—Testicuwlar Interstitial Cell Tumors Among Ninety-two Hybrid Mice 
(Ca? xX CBA&) Given Weekly Subcutaneous Injections of 
Tri-p-Anisyl Chloroethylene 


Number with 
Average Age Semina) 
at Death, Range of Age Vesicle 
Group Days at Death Stimulation 
With tumors és ppubone i 761 006-854 ee 
With tumors enlarging testes *... 757 605-839 21 
With nodules not enlarging testes t 767 633 B+ ’ u 
With bilateral tumors 77 633-849 
Without tumors. ........-0e-eseeees oT M4 


* These Include two tumors not examined histologically. 
+ These include one tumor not examined histologically. 


Most of the mice had testes that contained a single small nodule or 
a single large mass. In only rare instances could multiple nodules or 
masses be demonstrated. The tumor cells comprising these nodules 
or tumors were of three distinct types, as already described by Hooker 
and Pfeiffer.** 

In the 21 mice with tumors recorded as small and not enlarging the 
testis (table 2) the nodules differed in size and occupied from one- 
fourth to almost the entire testis. The smallest nodules were centrally 
or eccentrically situated opposite the hilus in sections where the hilus 
could be seen. The nodules were fairly well circumscribed, although in 
seven testes tumor cells extended peripherally among the seminiferous 
tubules. A definitive connective tissue membrane was never encoun- 
tered. 


The tumor cells in 12 of these nodules were of a single type. They 
were densely packed, round or polygonal in shape, and were arranged 
in broad sheets or irregular cords. The cells forming these tumors 
were designated type 1. They were two or three times the size of the 
normal Leydig cell and had a characteristic, highly vacuolated cytoplasm, 
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with slightly eosinophilic granules. The vesicular nucleus was round 


or oval, centrally located, and contained one or two nucleoli. Large 


amphophilic intranuclear inclusions were frequently seen. Mitotic figures 
were rare, but a moderate number of cells had two nuclei, suggesting 
amitotic division. The cytoplasm of some of the cells was characterized 
by a highly vacuolated peripheral exoplasm and a granular acidophilic 
endoplasm containing the nucleus. Scattered among these cells were 
occasional moderately or completely pigmented cells with one or more 


shrunken nuclei. The capillary networks penetrating the tumor masses 


L jo TESTICULAR TUMOR 
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spermatozoa, coalescence of spermatids into multinuclear cells, and 
cellular debris intermixed with homogeneous eosinophilic droplets were 
observed frequently. Atrophic changes were usually more obvious in 
the tubules adjacent to the tumorous areas. However, the tubules in this 
location occasionally showed spermiogenesis, although the tubules in the 
periphery contained no spermatozoa. 

Two types of cells were seen between the seminiferous tubules: a 
highly vacuolated cell not unlike tumor cell type 1, and a mononuclear 
or multinuclear brown-pigmented cell, the latter probably arising by 
fusion of two or more mononuclear pigmented cells. All stages of 
transition between these two cell types were present. 


nO OF anmas 2 2 3 


7s res 627 
AGE RANGE ee¢ ree 6s 


LESS THAN WORMAL SIZE norma SIZE 


TumoRoUus TESTIS 


Fig 2.—Condition of the contralateral testis in mice with at least one large 
testicular tumor 


In the five tumors recorded as enlarging the testis and composed of 
cell type 1 (table 3) the microscopic appearance was essentially similar 
to that seen in the small nodules of the 12 tumors already described 
rhe testicular parenchyma was practically completely replaced by tumor 
cells. In only a few instances were tubules in which spermiogenesis was 
evident seen at the periphery. 

The arrangement in which cells of the tumors formed cords or 
alveoli, surrounded by a thin connective tissue membrane, was more 
apparent at the periphery than elsewhere. Some of the alveoli were 
lined only by cells with a foamy appearance (type 1), and others by 
brown-pigmented cells with shrunken nuclei, and still others showed 
lining composed of cells of both types (fig. 3.4 and D). 

More frequently among the larger tumors, degenerative changes 


were noted in some of the cords or the alveoli; intercellular spaces 
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appeared, forming lumens in which degenerating cells intermingled with 
an eosinophilic staining fluid (fig. 3.4). These cavities were often 
large—approximately 0.5 mm.—and were sometimes filled with blood. 
Small areas of necrosis were frequent, and one testis contained a large 
area of coagulation necrosis. 

Eight small tumors and 14 large tumors were composed of cells of 
two types (table 3). In addition to the cells of type 1, described above, 
these tumors contained cells slightly larger than the normal Leydig cell. 
In these cells vacuolation was absent or minimal and the acidophilic 
cytoplasm was homogeneous or coarsely or finely granular (fig. 3 B). 
The variations in nuclear size, amount of chromatin and number of 
intranuclear inclusions were more pronounced in these cells than in 
cells of type 1. Mitotic figures occurred more frequently. The cells 
of the two types were either mixed together or grouped in discrete 
nodules in the tumor. The number of cells of each type comprising the 
different tumors was variable. Transitional cells intermediate between 
types 2 and 1 were seen. Sections of tumors containing mostly cells 
of type 2 always stained deeply and contrasted strongly with the sections 
showing only cells of type 1. 

Cells of a third type were present in four of the large tumors (table 
3 and fig. 3C). They were similar to those described by Hooker and 
Pfeiffer ** as being one-half the size of the normal Leydig cell and 
having more or less basophilic cytoplasm. In seven large tumors the 
histological structure differed from that described above. In these the 
cells of type 2 and type 3 were arranged in trabeculae or anastomosing 
cords of varying caliber. Each cord was delimited by a thin connective 
tissue lamella or by endothelium-lined blood channels (fig. 3B). This 
structural arrangement comprised either a portion or the whole of the 
tumor. In two instances the small cells (type 3) were found in strand- 
like arrangement interspersed between cells of type 1. 


EXPLANATION oF Fic. 3 


Fig. 3 1, photomicrograph of the testicular tumor of a mouse given 50 
micrograms of tri-p-anisyl chloroethylene (TACE®) weekly for 99 weeks. It is 
composed predominantly of cells of type 1, some of which contain a brown pigment. 
The small cyst is lined by tumor cells and contains a few isolated cells. Approx. 
Le ° 
B, photomicrograph of the testicular tumor of a mouse given 50 micrograms of 
TACE® weekly for 21 weeks and 100 micrograms weekly for the following 56 
weeks. The area shown is composed predominantly of cells of type 2, arranged 
in coarse trabeculae. Approx. x 200 

C, photomicrograph of the testicular tumor of a mouse given 50 micrograms 
of TACE® weekly for 12 weeks and 100 micrograms weekly for 97 weeks. The 
area shown contains predominantly cells of type 2 with areas of type 3. Approx. 
x 100. 

D, same tumor as shown in C, revealing transition of small cells to larger cells 
(type 1). Approx. x 400. 
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Eleven of the large tumors revealed enormously distended blood 
channels or cystic cavities containing red blood cells. Hemorrhage and 
hemosiderin-containing phagocytes were associated frequently with the 
cysts. Areas of necrosis were also present. In five tumors areas of 
erythropoiesis and myelopoiesis were seen. Fifteen of the tumors showed 
neoplastic invasion of the tunica aibuginea. Metastasis was observed in 
the left perirenal lymph node in two animals. 


Tame 3.—The Histological Types of Interstitial Cell Tumors Among Hybrid 
Mice (CC,) Given Tri-p-Anisyl Chloroethylene and Evidence of Androgen 
Production as Determined by Sise of Seminal V esicles 


Types | Types i, 2 Types 2 
and 2 and and < 
Large tumors > l“ ? 4 
Androgen I 2 ! 
No androgen ] I 


Small tumors 
Androgen 
No androgen 


Taste 4.—Effect of Large and Small Doses of Tri-p-Anisyl Chloroethylene on the 
Development of Testicular Interstitial Cell Tumors in Hybrid Mice (CC,) 


Average Age 
Weekly Dove at Death, Range of Age 
Vierograms Size of Tumors Days at Death 


Fularging testis 1 7 ? 
Not enlarging testis ’ ? 7-954 
MWilateral tumors ) 7 727-849 


Enlarging testis 


Not enlarging testis 


Bilateral tumors 


In all animals having small testicular tumors composed of cell type 1 


the presence or the absence of spermiogenesis was not related to the 
amount of tri-p-anisyl chloroethylene injected, to the size of the testis, 
to the bilaterality of the tumor or to the size of the seminal vesicles 
table +) 

In all animals which had small tumors composed of cells of types 1 
and 2 and in which the size of the testis was normal, spermiogenesis 
was present only in that group receiving 50 micrograms of tri-p-anisy] 
chloroethylene weekly. In this group the age range was from 781 to 
826 days. No spermiogenesis was seen in the animals receiving 100 


micrograms of the estrogen weekly and in which the age ranged from 


7c 


752 to 814 davs. The seminal vesicles of these mice were of either 


castrate or normal size \mong the animals having large testicular 
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tumors and ranging in age from 600 to 839 days only one did not show 
spermiogenesis in one or both testes, and all had seminal vesicles of 
normal size or enlargea. ’ 

In the study of the 46 mice with nontumorous testes 18 testes were 
examined histologically, the ages of the animals ranged from 450 to 
800 days. These testes were from two-thirds to one-fourth the normal 
Spermiogenesis occurred only in the testes of the mice that were 


S1Z 
75 


e. 
5 


755 to 799 days old and that had received 50 micrograms of the estrogen 
weekly 

Che reduction in size of the testes was due mainly to a reduction in 
size of the seminiferous tubules. The intertubular spaces were occupied 


Taste 5.—Tumors Other Than Testicular Appearing Among Ninety-two Hybrid 
Wice (Cu 2 & CBA 2) Giwen Weekly Injections of Tri-p-Anisyl 
Chloroethylene 


Mice with 
Mice with Average Age Testicular 
Type of Tumor Tumor Days Age Range rumors 


Hepatoma 12 ™ 627-813 


Ww 
Lung adenoma 5 75 627-4 
Lymphoms ; 244-781 
Reticulum cell sarcoma } 000-785 
Lymphosareoma 7h “o-771 
Histiocytoma 
Leukemia : ; 244-40" 
Pituitary adenoma : ’ 586-806 
Fibrosarcoma 2 ™» 730-841 


by brown-pigmented interstitial cells, large, highly vacuolated cells 
fibroblasts and occasional plasmocytes 

In four of the animals the complete lack of spermiogenesis and the 
proliferation of brown-pigmented cells were limited to half the testis, 
the other half showing active spermiogenesis, occasional brown-pig- 
mented cells and a large number of highly vacuolated cells, which were 
probably hypertrophied Leydig cells. In these animals the seminal 
vesicles were of the castrate type 

Lymphoid Tissues.—Of the 92 male hybrid mice (C,,? * CBA) 
that survived eight months or more after weekly injections of tri-p 
anisyl chloroethylene, 13 had lymphoid tumors, and five of these tumors 
occurred in animals also having testicular tumors (fig. 1 and table 5) 

Mesenteric and mediastinal lymph nodes, spleen, liver and kidneys 
were involved to different degrees in the different mice. The tumors 
were classified microscopically as reticulosarcoma, lymphosarcoma, 
leukemia and histiocytoma. Reticulosarcomatous cells were found in the 
testes in two instances, once in a tumorous testis and once in a non 


tumorous testis 
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Liver.—Hepatoma occurred in 10 animals that had testicular tumors, 
and in two animals without testicular tumors (fig. 1 and table 5). In 
these 12 mice hepatoma grossly ranged in size from small nodules to 
2 cm. in diameter. It was seen either as a pedunculated, sometimes 
partially necrotic tumor or as a paler mass of tissue bulging from the 
liver and largely surrounded by normal hepatic tissue. It revealed a 
trabecular structure, the cells being arranged in anastomosing cords. 
The tumor cells were usually two to three times the size of normal liver 
cells. Binuclear cells and occasionally mitotic figures were seen. 

Mammary Glands.—Mammary tumors were observed in none of the 
mice. Observations at the time of autopsy revealed mammary growth 
in all mice, and the glands of the 14 mice studied in detail after being 
prepared as gross mounts resembled those of mice given estradiol 
benzoate. The glands of two of the mice showed extensive alveolar 
development. In one mouse only 163 days of age and not included 
among the 92 reported, only ducts were present, but the over-all glands 
were large. The glands of the other 11 mice showed intermediate 
development of small lateral branches or alveoli. The presence of large 
testicular tumors did not medify the response of the mammary glands. 

Pituitary Gland.—Although the pituitary glands of many of the mice 
were moderately enlarged (4-6 mg.), the glands of only five weighed 
in excess of 12 mg. and ranged in weight from 13.0 to 100.6 mg. 


COMMENT 


The failure of testicular interstitial cell tumors to appear in mice of 
similar genetic origin when given 16.6 or 50 micrograms of estradiol 
benzoate weekly * and their appearance when tri-p-anisyl chloroethylene 
(TACE*) was given merit comment. The testes of mice given estradiol 
benzoate were all reduced in size, contained multinuclear masses of 
pigmented cells and in a few instances showed small areas of hyper- 
trophied glandular interstitial cells. No tumors were observed, but only 
two male mice survived for more than 600 days. Three of seven mice 


given TACE® had testicular tumors at ages between 600 and 649 days; 


all the other interstitial cell tumors occurred in older mice. The 
possibility exists that the mice given estradiol benzoate did not survive 
sufficiently long to permit the development of testicular tumors. If 
such is the case, the potentiality for testicular tumors could be evoked 
by estrogens other than TACE® or related chemicals if they were 
administered adequately and under conditions that would permit pro- 
longed survival. Experiments designed to determine whether or not 
the relative duration of survival when mice are exposed to different 
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estrogens could account for the different neoplastic responses of the 
testes would be extremely time consuming, even if they might indicate 
a difference in the tumorigenic response of an end organ. 

Quantitative differences in effective levels of estrogens might be of 
as great or even greater significance than the duration of the experiment. 
The fact that the mice given TACE® survived so much longer than the 
mice given estradiol benzoate in the two amounts mentioned above 
indicates that they were subjected to relatively less estrogen in terms 
of pharmacologic effects. Extreme retention of urine and hydro- 
nephrosis were rarely encountered. Furthermore, whereas 83 per cent 
of the estradiol benzoate-treated mice had pituitaries weighing in excess 
of 12 mg. (chromophobe adenoma) only 5 per cent of the mice given 
TACE® had such tumors and the largest tumors were much smaller than 
those recorded in the former experiment. These observations, together 
with the less extensive resorption of the rami of the symphysis pubis, 
the less extensive hyperostosis of the long bones and the larger size 
of the nontumorous testes of some of the TACE®-treated mice, indicate 
that they were subjected to relatively lower levels of estrogen. 

The assumption has been made that estrogens act indirectly on the 
testes in the production of interstitial cell hypertrophy, hyperplasia and 
tumors; that they might elicit a prolonged and heightened production 
of interstitial cell-stimulating hormone from the hypophysis, the latter 
being responsible for the formation of tumors.* At the present time 
proof that TACE® produces effects on the hypophysis qualitatively dif- 
ferent from those of other estrogens is lacking. The difficulties of 
obtaining with known methods of standardization quantitatively com- 
parable levels of different estrogens are great. When TACE® is injected 
subcutaneously once weekly, 1 vaginal cornifying unit might produce 
effects quite different from those of the amount of estradiol or estradiol 
benzoate required to produce a vaginal response. Evidence is not avail- 
able that TACE® is more effective in stimulating the production or the 
release of the interstitial cell-stimulating hormone of the pituitary. 

The fact that interstitial cell tumors appear in testes transplanted 
intrasplenically in castrated rats’ again indicates that the pituitary hor- 
mones are responsible for their formation. Testicular tumors did not 
occur in intrasplenic testicular transplants in castrated mice.* 


6. (a) Gardner, W. U.: Anat. Rec. 68:339, 1937; (b) Cancer Research 
8:397, 1948. (c) Hooker and Pfeiffer.% 

7. Biskind, M. S., and Biskind, G. R.: Proc. Soc. Exper. Biol. & Med. 
$9:1945. Twombly, G. H.; Meisel, D., and Stout, A. P.: Cancer Research 
9:596, 1949. 

8. Li, M. H.; Pfeiffer, C. A., and Gardner, W. U.: Proc. Soc. Exper. Biol. 
& Med. 64:319, 1947. 
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!ACE®* is stored in the body fat of rats. Ten milligrams per 100 Gm. 
was found in the body fat one day after rats had received three 5 mg. 
doses of TACE*; 2 mg. per 100 Gm. was found 10 days later." The 
possibility that TACE® is stored in the lipid-containing interstitial cells 
of the testis exists. Body fat storage also probably assures prolonged 
effectiveness of periodically administered doses 

Che fact that small interstitial cell tumors or nodules appear in 
small or atrophic testes as well as in testes of approximately normal 
size and containing many tubules showing active spermiogenesis indi- 
cates that the spermiogenic function of the testis is unrelated to the 
formation of the tumors. In the nontumorous or partially tumorous 
testes of mice with one large testicular tumor the spermiogenesis may 
be due, in part, to androgen produced by the tumor. 

rhree testicular interstitial cell tumors have been observed in 
untreated mice in the colony of one of us (W. U. G.)."© None have 
occurred in mice of the hybrid group employed in the present experi- 
ment.* No testicular tumors have been observed in mice of the A 
strain, in which such tumors regularly occur after estrogen treatment 
\thias '"* has, however, described tumors of the interstitial cells in 
untreated mice of one strain and commented that mice of other strains 
might show such lesions. Such has, however, not been true in this 
laboratory 

lhe working hypothesis based on the original data * that genetic 
influences transmitted by both males and females determined the pre- 
disposition toward testicular tumors subsequent to estrogen treatment, no 
matter what the mechanism—that is, whether acting directly on the testis 
or indirectly through the pituitary—is appreciably weakened by the 


observations presented. The probability of an “all or none” difference 


between strains is diminished. The difficulties of adequately demonstrat 
ing quantitative differences if they are genetically determined are great 
in problems of this type, especially when these differences may involve 


(1) the specific and organ (testis), (2) the intermediate affector glands 





( pituitary, thyroid or adrenal), (3) the degradation, excretion or metabo- 
lism of the hormone (liver, intestine or kidneys) or (4) the influence 
of environmental factors on any of the above (food, room temperature, 
cryptorchidism, etc.). On the other hand, if strain differences in response 
to TACE® exist, the final solution of the problem may be assisted 
Some additional morphological details have been reaffirmed or 
established by this investigation The present observations reaffirm 
that the testicular interstitial cell tumor takes origin in testis in which the 
Leydig cells are largely depleted, and independently of the condition of 
the seminiferous epithelium. In agreement with Athias,"*.” it is con- 


sidered that the pigmented mononuclear or multinuclear cells are derived 
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from large glandular interstitial cells—the multinuclear, by a coalescence 
of the mononuclear. The present observation does not indicate that they 
are macrophages as such. Macrophages were numerous in some of the 
tumors, especially where necrosis or interstitial hemorrhage occurred, 
and could always be histologically distinguished from the pigmented cells 
of interstitial ceil origin. The pigmented cells may phagorytose as shown 
by Hooker and Pfeiffer,** but the nice evidence that they are formed from 
the interstitial cells is quite convincing. 

\lthough the tumors arose in mice of a different genetic constitution 
and in the presence of a different estrogen, they showed the same general 
range of histological structure as the tumors in mice of the A strain 
treated with esters of estradiol or diethylstilbestrol. The fact that but 
two of the tumors had extended to the perirenal lymph nodes may be 
significant. A larger number of tumors of similar size in mice of the 
A strain would have involved these nodes. The occurrence of the 
tumors only in aged mice of the CC, groups, in contrast to their earlier 
appearance in mice of the A strain, may be of significance. The tumors 
in mice of the A and CC, groups were similar in the invasion of the 
tunica albuginea. 

The fact that 10 of the 12 tumors of the liver (hepatoma) occurred 
among the 46 mice with testicular tumors may be of significance. The 
remaining two occurred among the 46 mice without testicular tumors. 
rhe difference in incidence cannot be explained on the basis of age alone 

The incidence of lymphoma was not significantly different from that 
in mice given estradiol benzoate,* but the relative numbers of mice show- 
ing reticulosarcoma and histiocytoma were greater. The latter tumors 
appear in general in older mice, and the difference in incidence could 
be accounted for on the basis of age alone 


SUMMARY AND CONCLUSIONS 


Forty-six of 92 hybrid mice (C,,@ & CBA @ ) had testicular inter- 


stitial cell tumors after all 92 mice had been given weekly doses of 50 or 


100 micrograms of tri-p-anisyl chloroethylene (TACE*) beginning at 28 
to 52 days of age and continuing up to 850 days 

Twenty-five of the tumors enlarged the testes—up to 2.2 cm. The 
large tumors were associated with (1) a second large tumor of the 
contralateral testis, (2) a small tumor of the contralateral testis or (3) 
a nontumorous contralateral testis. Small tumors, not enlarging the 
testes, occurred in 21 mice. 

Ten hepatic tumors (hepatoma) occurred in the 46 mice with testic- 
ular tumors and two in the 46 animals without interstitial cell tumors 
Difference in survival does not account for the difference in incidence of 
hepatoma in the mice with and without testicular tumors. 
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Morphologically, the interstitial cell tumors were comparable to those 
induced in mice of the A strain. They consisted of ceils of three main 
types. Fewer metastatic growths were observed (only two) than in 
mice of the A strain.** 


Either TACE® has a more marked tumorigenic effect on the testes, 


directly or indirectly, than does estradiol benzoate or the prolonged 
survival of the TACE*-treated mice permitted a realization of tumor 
potentialities not revealed previously. The hypothesis that there is a 
distinct genetic limitation of the potentiality for testicular tumors in 
estrogen-treated mice is weakened. 





VASCULAR DEGENERATION IN HYPOTHYROIDISM 


WILLIAM B. KOUNTZ, M.D. 
ST. Lous 


ITTLE attention has been paid to cardiovascular degeneration in 
conditions of hypothyroidism. In experiments on sheep complete 
thyroidectomy, followed by loss of hair and degenerative changes of the 
skin, has been associated with capillary degeneration. Students of 
anatomy, however, have paid little attention to the correlation of hypo- 
thyroidism and degenerative vascular disease, particularly that of the 
larger blood vessels. 

The findings of chromatic degeneration and rupture of the aorta 
following thyroidectomy in a series of three cases led Kountz and 
Hemplemann *' to a study of the relationship of arterial degeneration in 
hypothyroidism. On anatomic study, idiopathic aortic and arterial 
degeneration were found. Although the three cases were strikingly 
similar, the possibility of coincidence could not be excluded. Since our 
observations,’ Foster and Barr* have reported one case with definite 
myxedema and have established a similar phenomenon. In addition, it 
has been possible to study one other case of thyroidectomy and emphy- 
sema and 13 cases of clinical hypothyroidism which was determined 
before death, and comparable changes have been found. Anatomic 
observations were made after postmortem examination in all cases. 

The fourth case of total thyroidectomy is that of H. H., aged 54 
at death. The discharge note from Barnes Hospital, May 10, 1934, 
sums up the patient’s state: 

He presented the picture of rather advanced emphysema, for which total thy- 
roidectomy was performed. After the operation the patient felt better and was 
more comfortable at rest. The basal metabolic rate on admission was + 12, on 
discharge —17, per cent, and the blood cholesterol was 180 mg. per 100 cc. One 
year later the basal metabolic rate was — 24 per cent and the blood cholesterol 260 
mg. The cholesterol in 1938 was 210 mg. and the basal metalobic rate was — 30 


per cent. 


From the Division of Gerontology, Washington University School of Medicine, 
and the St. Louis City Infirmary and Infirmary Hospital, with autopsies from the 
Snodgras Laboratory of the City of St. Louis. 


1. Kountz, W. B., and Hemplemann, L. H.: Am. Heart J. 20:599-610, 1940. 
2. Foster, M., and Barr, D.: J. Clin. Endocrinol. 4:417-426, 1944. 
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loss of muscle outline and accumulation of the myxoid material 
B, the same process of idiopathic cystic 
One notes the granular nature 


The patient's thyroid gland had been removed because of cardiac 
He died of a ruptured aorta approximately six 


big. 1 A, 
between the muscle bundles (x 220) 


degeneration at a higher magnification (x 370). 
of the material 
decompensation and hypertension. 
months after the operation. 
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Fig. 2.—A, rather advanced infiltration and destruction of the media in idiopathic 
cystic degeneration (x 220). The thyroid gland had been removed because of 
hypertension and cardiac failure, and the patient lived approximately three years 
postoperatively. Thyroid U. S. P. was taken about three fourths of that time. 
B, higher power magnification (x 370) of the infiltration and destruction of the 
media represented in A. 
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Washington University Autopsy no. 8293 presented the following 
findings : 


Heart: Gross Findings.—The heart is somewhat large, but not extremely so, for 
a body of this size. It weighs 350 Gm. The epicardium appears somewhat opaque, 
but it is smooth and moist on the surface. There is a large amount of subepicardial 
fat which, however, is not very thick in any one spot. The endocardium is rela- 
tively normal except for the outer wall of the right ventricle, where there is some 
opacity of the subendocardial tissue and two small white fibrous patches on the 
interventricular wall in the left ventricle. The mitral valve appears somewhat 
thickened and white. It is not as resilient as normal, but there probably is not 
enough change to have interfered with valve function during life. The coronary 
arteries are sclerotic. The right coronary artery is occluded 1 cm. from its orifice, 
this process being precipitated perhaps by the marked roughening and calcification 
of the fatty plaques of the intima and a small tear in the vessel wall. At the 


Taste 1.—Observations on Four Persons Whose Thyroid Glands Had Been Removed for Therapeutic 
Reasons and Who Died with a Cardiovascular Condition 


Cinieal Anatomie Evidence of 
Evidence of Av. Basal Arteriosclerosis 
Thyroid Metabolic - —————_—_— whe 
Name Autopsy Deficiency Rate Intima! Medial 
N. K.* 5 Thyroidectomy, +39 before ’ Minimal Advaneed None found 
complete operation; 
—T after 
H. 0." ’ Thyroidectomy, +382 before N Minimal Advaneed None found 
complete operation; 
—6 after 
Thyroidectomy, +32 before None Advanced None found 
complete operation; increase 
16 after of weight 
Thyroidectomy, +12 before Moderate Moderate Advanced None found 
complete operation; 
uu one 
year after 


* The firet three patients were relatively young and had little atheromatosis at postmortem examination.’ Each of the 
three died of a ruptured aorta. Each had severe hypertension and impending cardiac failure 

+ The case of H. H. has not been previously reported. He had severe emphysema. He led a sheltered life and died of 
coronary thrombosis. He had advanced intimal and medial change. He died about five years after his thyroid gland had 
been removed 


extreme left margin of the left ventricular wall the muscle is extremely scarred 
with an old process. The myocardium in this area measures 0.7 mm. and is very 





irregular as compared with the normal thickness of 17 mm. elsewhere. The myo- 
cardium of the right ventricle appears whitened and opaque. The measurements 
of the tricuspid, pulmonary, mitral and aortic valves are 135, 78, 84 and 80 mm., 
respectively. The right ventricular wall measures 2.5 mm. in thickness, and the 
left ventricular wall is 14 mm. in thickness 

Lungs—The lungs appear like a limp rag on each side of the mediastinum 
On the surface there are innumerable emphysematous blebs. Two biebs on the 
diaphragmatic surface of the lower lobe of the left lung appear cystic and measure 
from 10 to 15 em. im diameter. No area for escape of air is noted. There is 
marked anthracosis of both lungs. The lungs appear firm and inelastic, and very 
irregular There is some crepitant tissue in the anterior portions of the lungs. 
The upper lobe of the right lung is fairly firmly adherent to the parietal reflection 
uf the pleura. On the left there are enormous calcified tracheobronchial lymph 
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nodes measuring 2.5 cm. in length, 2 cm. in width and 1.5 cm. in thickness. The 
bronchial lymph glands leading into the lower lobe on the left cortain small calci- 
fied tubercles. 


Vessels—The pulmonary artery appears average in caliber and structure. The 
aorta, however, is remarkable in the degree of arteriosclerosis present. Begin- 
ning at the arch of the aorta and proceeding down the abdominal aorta, there is an 
increasing amount of plaquing of the intima. Little of the intimal coat is unin- 
volved. Many of the plaques are ulcerated. One such plaque just beneath the level 
of the branch of the inferior mesenteric artery measures 3 cm. in diameter and is 


Fig. 3.—Advanced degenerative change occurring in the media with some cal- 
cium deposits (< 370). The patient’s thyroid gland had been removed because of 
emphysema, and he lived for five years postoperatively. He lived a quiet, inactive 
life and was unable to tolerate thyroid. He died of coronary thrombosis. 


completely ulcerated. The surface is covered with a yellow friable material. In 
this particular plaque there is little calcium. Other plaques, however, are entirely 
composed of calcium, or where there is ulceration in the center, the area of ulcerated 
calcified intima is replaced by a blood clot at various stages of organization. 
Heart: Microscopic Observations—A section of the left ventricle shows a 
diffuse and moderately extensive focal fibrosis, with areas of degenerating muscle 
cells present in the myocardium. There is an extensive thickening of the media 
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4 {, aortic wall (x 200) of a 76 year old person whose average basal 
metabolic rate for the five year period before death was normal. Note particularly 
the degenerative change toward the intimal surface and the normal appearance of 
the media The degenerative changes along the intimal surface were classified as 
moderate. B, aorta (x 200) of a person, aged 60, whose metabolism for at least five 
years before death was persistently low, from 20 to 35 per cent. One notes 
particularly the marked deposit of cholesterol toward the intimal surface (at left), 
which extends well into the media. Notice also the swelling and separation of the 
muscle fibers and the loss of the outline of these fibers in contrast to 4 


u 
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of a medium-sized coronary artery. An enormous thickening of the intima fills 
almost three fourths of the lumen of the right coronary artery, bulging in from 
one side, and this tissue is continuous with and has the same structure as the 
thickened intima of the remainder of the wall. The pale, acelluiar, collagenous 
appearance is identical. Irregular spaces are found between the margin of this 
tissue and the media of the artery. 

lorta: Microscopic Observations.—A thickened intimal layer takes up almost 
a third of the thickness of the wall in places, but véries considerably. Subjacent 
to the rather uniform layer of the intima is an irregular, acellalar, acidophilic 
layer, showing irregular vacant spaces, and areas of calcification promiscuously 
intermingled with areas showing the shape of cholesterol crystals. The elastic 
tissue is frayed and broken. The outer portion of the media, forming the other 
third of the wall, appears more normal, though it is abnormally acidophilic, is 


Observations on Thirteen Persons Whose Oxygen Consumption Was Low * 


Clinieal Av. Basal Clinical Degree of 
Evidence Metabolic Rate Signs of Arterioselerosis 
ot Arterio n Hypothy Ae 
Autopsy , sclerosis Normal High roidism Intimal Medial 
Tos : . None Advanced Moderate 
sop ; ++ as +1 None Moderate Moderate 
sSl4 6 ++ 2 ++ Advanced Advanced 
5816 ++ None Moderate Moderate 
sy 5 None Moderate Moderate 
8616 Oi ++ 7 +4 Advanced Advanced 
Moderat Advanced 
Advanced Advanced 
Advanced Advaneed 
Advanced Advaneed 
Advanced Moderate 
Moderate Minimal 
Advaneed Advanced 


* These persons were observed at the City Infirmary for years before death. Their basal metabolic rates and blood 
cholesterol levels were determined every six months. The figures reported represent the averages of the basal metabolic 
rates taken on the subjects 


invaded in places by the process described above and contains spaces running 
longitudinally between cell layers 


\ group of City Infirmary Hospital patients (table 2) was studied 
for evidence of arterial degeneration and decreased rate of oxygen 





consumption 
COMMENT 

Microscopic examination of various levels of the aorta was made 
post mortem in all instances. The essential change in both the athyroid 
patients and those with low metabolism was the interstitial accumulation 
of an amorphous basophilic material between the muscle fibers and 
elastic fibers of the media. The amount and the staining properties of 
this material varied with each section. The largest accumulations were 
usually found in the ascending portion of the aorta and in some instances 
in the abdominal portion. The fenestrated elastic membranes and muscle 


cells were in some instances so separated by the interstitial material that 








ARCHIVES OF PATHOLOGY 


at times they could scarcely be identified. In several places, on the 
outer half of the media, they had disappeared altogether, with the for- 
mation of small, irregularly shaped cysts. The interstitial material 
stained faintly with hematoxylin and was structureless except that 
occasional fine fibrils were seen. In some cases the interstitial material 
was not so plentiful but stained more deeply with hematoxylin as well 
as with metachromatic dyes. The elastic membranes were widely 
separated and were as a rule broken and frayed. In the persons whose 
basal metabolic rate was low before death and in H. H., whose thyroid 
gland had been removed, calcium deposits were abundant in the muscle 
layers as well as in the intima. 

The nuclei of the muscle cells were normal and interstitial changes 
were more striking in the inner half of the aortic wall in those persons 
who had undergone thyroidectomy. The interstitial material stained with 
basophilic dyes as well as metachromatic stains, polychrome methylene 
blue, toluidine blue, methylene blue, etc. In the case of H. H., who 
lived for five years, and in those who had low basal metabolic rates the 
material took a more acid stain. 


In the case of W. B. the intensity of the metachromatic reaction 
seemed to vary with the size of the accumulation. The larger patches 
appeared more serous and hence less mucoid. The sudan III and 
scarlet red stains could be demonstrated in the interstitial chromatrophic 


material. There was no evidence of an inflammatory reaction or of 
efforts at repair in any section. In those persons who died shortly after 
total abolition of their thyroid glands the intima showed no change, 
although there were fat droplets in the cells underlying the endothelium. 
In some of the sections from these persons the descending portion of 
the arch of the aorta showed atheromatous plaques which presented the 
usual appearance. The adventitia from these aortas was not thickened 
but contained numerous erythrocytes. 

In most of these persons there was moderate thickening of the 
arterioles in the kidneys and other organs. Numerous glomeruli were 
fibrotic and hyalinized, but there was some interstitial fibrosis of 
the kidney, especially of those with long-standing arteriosclerosis. The 
glomeruli that remained were frequently seen to be congested. The 
tubular cells frequently showed granular degeneration. The larger 
vessels had undergone intimal thickening. In many of the smaller 
arteries the muscle cells of the media showed chromatrophic degeneration 
similar to that in the coronary arteries and the aorta. 

Of the four patients whose thyroid glands had been removed, three 
had these removed because of heart failure and hypertension and were 
relatively young. The thyroid gland of the fourth patient had been 
removed because of emphysema, in an attempt to cut down his oxygen 
consumption and consequently make his lung function proportioned to 
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his need of oxygen. All four patients died of cardiovascular disease. 
The first three patients with hypertension died of spontaneous rupture 
of the aorta due to idiopathic medial necrosis. The fourth patient, who 
lived for a period of five years and led a quiet and protected life, died 
of coronary thrombosis due to a rupture of the coronary artery. This 
man, who lived for five years after his thyroidectomy, had extremely 
advanced arterial degeneration. A point of importance in the con- 
sideration of this person is that he had emphysema which is believed 
to be associated with a disturbance of lung activity. Some observers 
state that arteriosclerosis is an elastic tissue disease, which would bring 
up the question of whether or not the degenerative changes seen in the 
aorta might not be due to the same process occurring in the lung. This 
man gave a history of having had influenza in 1918, and the emphysema 
was believed to be an aftermath of the infection. There was no clinical 
or anatomic corroboration of such a point of view. 

A study of the City Infirmary Hospital series of cases indicates that 
persons with low basal metabolic rates as well as athyroid states do 
have a definite tendency toward degenerative changes in the smooth 
muscles of the blood vessels, whereas elderly persons who have a normal 
basal metabolic rate over a period of years before death do not have as 
advanced arterial changes. 

The work of Blumenthal, Lansing and Wheeler’ particularly has 
indicated the frequent occurrence of medial change in human aortas. 
These observers showed that degeneration of the media, which may 
include calcification, is always a primary condition and may be present 
at a very early age. They found that calcification occurs more frequently 
than intimal plaques and that intimal plaques do not occur without cal- 
cification of the media or some other change, such as syphilitic aortitis 
or marked connective tissue infiltration of the media. These observers 
expressed the opinion that medial calcification is more intense in the 
immediate vicinity of an intimal plaque than elsewhere. They expressed 
the belief that calcification of the media of the aorta is primarily a 
function of age and is not influenced by sex or chronic infectious disease. 
They also expressed the belief that calcification of the media of the 
aorta is primarily associated with elastic elements since at an early stage 
calcium is seen deposited in the elastic fibers. 


That this process is not limited to the aorta is emphasized by the 
work of Lansing, Blumenthal and Gray,‘ who studied, by micro- 
incineration, tissues from 144 patients, both males and females. They 
found that there is a progressive metachromatic degenerative change 


3. Blumenthal, H. T.; Lansing, A. I., and Wheeler, P. A.: Am. J. Path. 
20: 665-687, 1944 

4. Lansing, A. I.; Blumenthal, H. T., and Gray, S. H.: J. Gerontol. 3:87-97, 
1948 
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in the media in which calcium deposit later develops. These authors 


found that there was an increase in the calcium, which was most 
prominent in the left coronary artery and which began a decade earlier 
than in the aorta. They demonstrated that with aging there are 
progressive splitting and multiplication of the elastic fibers of the internal 
elastic lamella. They found that there is calcification in the elastic fibers 
but that with age calcification becomes more intense and has a tendency 
to extend outward from the elastic tissue. These observers held that 
arteriosclerosis is a primary product of the media and that there must 
be degeneration of the media for atherosclerotic plaques to form 
Since hypothyroidism is known to affect the media of the blood 
vessels and produce, first, metachromatic degeneration, it is possible, 
if one interprets our work in the light of that of Lansing and his 
co-workers, that arteriosclerosis may be indicated by hypofunction of 
this gland or a related phenomenon. The changes that they describe 
have been observed by us in four persons whose thyroid glands had 
been removed for therapeutic reasons, and in other persons whose basal 
metabolic rates were persistently low for years before death. This 
change has likewise been found by others in at least one case of 
recognized myxedema 
In our four patients whose thyroid glands had been removed, the 
degree of metachromatic and arterial degeneration depended somewhat 
on the duration of the athyroidism. The first two patients lived five 
months ; the third patient lived 2% years but for the greater part of the 
two year period she received thyroid U. S. P Her death occurred 
seven months after she ceased taking thyroid. All three of these persons 
had severe hypertension and died of rupture of the aorta. The fourth 
patient, who had asthma, led a protected life because of his illness. He 
received some iodine in a cough mixture throughout the period after 
his operation and lived five years postoperatively. He died with a split 
ing of the coronary artery which produced coronary occlusion. It is 
interesting that he showed advanced medial calcification and imtimnal 
sclerosis. The degree of arteriosclerosis was more advanced than in any 
other case in the total series, although the patient was only 54 years of 
ath. The two persons whose thyroid glands had been removed 
before death and the one who died of aortic rupture after 
topping thvroid treatment did not have gross evidence of calcium 
deposits in the media. There was a metachromatic degeneration in these 
itients which in our last case was associated with calcium deposits. It 
portant to emphasize that the changes found were focal in the 
the blood vessels and did not involve the entire muscle coat, 
that the process might be related to the damaging effect of 


the vasa vasorum 
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The onset of medial changes in early life described by Lansing and 
co-workers would seem to question the possibility that medial disease is 
related to hypothyroidism. However, one does know that in many 


persons low metabolism develops after infection, etc., and that later there 


is return of a fairly normal basal metabolic rate with a presumed 
increase of thyroid function. It would seem possible, therefore, that 
various periods of hypofunction of the thyroid gland may exist through- 
out life and may, by producing medial change, lay the foundation for 
the advanced degenerative medial changes as well as the atherosclerosis 
seen at a later period. 

The series of autopsies on which the present report is based leads 
one to the belief that the findings of Lansing and co-workers are of 
extreme importance. One is not entirely in agreement with their sug- 
gestion that there must be medial changes to have primary athero- 
sclerosis in man. One feels that elevated blood cholesterol levels may 
produce intimal disease and secondary disease of the media, independent 
of primary medial disease. However, their findings are in general agree- 
ment with those presented here, especially those in persons known to 
have athyroidism. 

The studies of Foster and Barr* and Kountz and Hemplemann ' 
emphasize the need for better understanding of body metabolism with 
relation to the activity of the glands of internal secretion, especially with 
relation to evaluation of arteriosclerosis. 

rhere appear to be at least two independent types of degenerative 
changes that occur in blood vessels of man with arteriosclerosis. One 
is primary intimal sclerosis with secondary medial change, which is 
frequently associated with persons who have elevated blood cholesterol 
or disturbed fat metabolism but not necessarily a low basal metabolic 
rate. Since the low metabolism and high cholesterol are commonly 
associated in hypothyroidism, the two may be found in persons with 
atherosclerotic changes. Primary intimal change may be a part of, 
but is not necessarily associated with, hypothyroidism. It may occur in 
persons with normal thyroid activity or possibly in hyperthyroidism to 
a moderate degree, according to our experience 

Che second change which occurs in arteriosclerosis and is commonly 
associated with hypothyroidism in animals and man is degeneration of 
the media This change is primary and begins as a metachromic 
degeneration of the media and elastic tissue, with calcium deposition 
later. The work of Lansing and co-workers, particularly, has been of 
great value in calling attention to the fact that the medial change may 
be found at a young age. This does not make its occurrence incompatible 


with decreased thyroid activity, since one does not know too well the 


thyroid 


activity throughout the life span except to say that all studies 
indicate a variable degree of thyroid function in the persons studied as 


well as a progressive decline with age 
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It would seem that Winternitz, Thomas and Le Compte ® have the 
most likely and tenable approach to the subject of vascular degeneration. 
The fact that hypothyroidism is known to be a damaging factor to the 
capillaries suggests that it affects the vasa vasorum, a suggestion which 
supports the contention that arteriosclerosis associated with hypothyroid- 
ism begins in the media. One of the big defects in the attempt to 
correlate the theories as to the cause of arteriosclerosis with the relation- 
ship to hypofunction of the thyroid gland is that most of the theories 
have been based on experimental work done on animals. Most of the 
animals have a relatively short span of life, and although basic biologic 
processes may be studied, observations may never be carried to com- 
pleteness for evaluation and the findings are not the same in animals 
as in man. 

Just how decreased function of the thyroid gland may affect muscles 
in general and especially the smooth muscle of the blood vessels is not 
understood. It is possible that its effect may be on the capillaries, since 
the media is well supplied with vasa vasorum; thus it could be related 
to decreased blood supply or to stagnation of the blood in the muscle 
of the vasa vasorum. On the other hand, it is highly probable, too, that 
thyroid function plays an important part in the nutrition of the muscles. 
It may be that reduction of thyroid function in an organism causes a 
defect to develop in the nutrition of the muscle fibers which may affect 
the elasticity of these tissues. According to Lansing and co-workers, a 
degenerative process does occur in the elastic tissues. My studies 
indicated that advanced degeneration of the elastic tissue is present in 
the athyroid patients. 

My attention is particularly attracted to Hueper’s classification ° 
as to the vasotoxic agents. He called attention to the factors causing 
stagnant anoxia and increased permeability of the relaxed vascular wall 
through an excessive slowing of the blood flow. He pointed out that 
hypothyroidism, among other factors, may cause changes which are 
characterized by medial degeneration. The medial degeneration in our 
cases is similar to that noted in animals after other endogenous hypo- 
toxic agents have been added 


SUM MARY 
An anatomic study of four persons whose thyroid glands had been 
completely removed for therapeutic reasons and a study of 13 other 
persons, seven of whom had low rates of oxygen consumption, showed 


5. Winternitz, M. C.; Thomas, R. M., and Le Compte, P. M.: The Biology 
of Arteriosclerosis, Springfield, Ill, Charles C Thomas, Publisher, 1938. 
6. Hueper, W. C.: Medicine 20:397-442, 1941; Biol. Symposia 11:1-42, 1945 
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medial degenerative changes in the aorta and larger blood vessels. In 
contrast, five of the 13 persons who had normal average basal metabolic 
rates for a five year period before death and one who had a moderate 
increase in the rate of oxygen consumption did not show this change. 
Attention was paid to the thyroid gland at autopsy. In the four patients 
whose thyroids had been removed no evidence of thyroid tissue was 
found. In those who had a low basal metabolic rate frank degenerative 
changes were present in the thyroid, and substantiated the clinical 
impression of low function of this gland. In each instance in which 
there was diminished thyroid function, medial arterial changes were 
noted in the blood vessels. In the younger persons whose thyroid 
glands had been removed and who had lived for a five month period 
after the operation, areas of cystic degeneration were noted. Another 
person, the one who lived for 2% years and took thyroid for a part of 
the period, showed advanced degenerative cystic necrosis. The one who 
lived for five years after thyroidectomy and received no thyroid had 
advanced arteriosclerosis and medial degeneration. 

This work reveals that hypothyroidism and its associated metabolic 
deficiency in man may lead to advanced degeneration of the blood vessels 
when present over an extended period. 
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HROMBOCYTOPENIC purpura occurs predominantly in chil- 

dren and young adults. In only 10 per cent of the cases does it 
begin past the age of 40. it occurs more frequently in females than in 
males. A family history of a bleeding tendency is by no means unusual.’ 
In the idiopathic type the pathogenesis of the disease has been attributed 
to (1) excessive destruction of platelets in the spleen-—an idea favored 
by Wiseman, Doan and Wilson? and others—and (2) failure of plate 
let production through the agency of some splenic substance.* Although 
the spleen is commonly involved in sarcoidosis, sarcoid granuloma of 
the spleen alone probably does not occur, Four patients with sarcoid 
granuloma of the spleen reported by Kay * were all found to have sarcoid 
lesions elsewhere. The association of thrombocytopenic purpura and 
sarcoid of the spleen is rare, seven cases having been reported te date.‘ 


(4 the four patients who were subjected to splenectomy, three were 


apparently cured, and one died of hemorrhage in the immediate post- 


From the Veterans Administration Hospital, Newington, Conn., and the Depart 
ment of Medicine, Yale University School of Medicine 
Reviewed in the Veterans Administration and published with the approval of 
ve Chief Medical Director The statements and conclusions published by the 
ors are a result of their own study and do not necessarily reflect the opinion or 
of the Veterans Administration 


Wintrobe, M. M.: Clinical Hematology, ed. 2, Philadelphia, Lea & Febiger, 


Wiseman, B. K.; Doan, C. A., and Wilson, S. J J. A. M. A. 118:8, 1940 

Dameshek, W., and Estren, S The Spleen and Hypersplenism, New York, 

& Stratton, 1947 

1) Kay, S Am. J. Path. 26:427, 1950. (b) Berblinger, W Acta 

$:1, 1939. (c) Kraus, E. J J}. Lab. & Clin. Med. 28:140, 1942. (4d) 
Nordland, M Yivisaker, R. S Larson, P., and Reiff, R Minnesota Med 
29: 166, 1946. (¢) Jersild, M Acta med. Scandinav. 97:322, 1938. (f) Bruschi, 
M., and Howe, J]. S Blood §:478, 1950. (g) Enzer, N Am. |. Path. 22:663 
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operative period. Of those not undergoing splenectomy, two died and 
the fate of the third is unknown. The patient whose case of thrombo- 
cytopenic purpura associated with sarcoid granulomas of the spleen is 
reported here was apparently cured by splenectomy. 


D. B., a 55 year old white man, a merchant, was admitted to the hospital on 
Dec. 29, 1949 with a six week history of large tcchymoses on the legs and arms, 
petechiae about the ankles, persistent bleeding after minor razor cuts while shaving, 
and oozing from the gums. Two weeks before admission he noticed increasing 
lethargy, weakness and lightheadedness. Two days prior to admission he noted 
blurring of vision on looking to the right and a severe, persistent left frontal head 
ache. There was no history of familial bleeding, of an occupational hazard or of 
drug ingestion. The system review was noncontributory. 

Physical examination revealed a hypersthenic, well developed and well nourished, 
but lethargic, white man with generalized ecchymoses over the trunk and extremities 
and numerous petechiae over the ankles and the wrists. There were crusted blood 
in the nares and the mouth, oozing of the gums and marked halitosis. There was no 
glandular enlargement. There was a small conjunctival hemorrhage on the left, and 
examination of the visual fields revealed a right homonymous hemianopsia. Retinal 
examination was unrevealing. The liver and the spleen were not palpable 

Laboratory data were as follows: The hemoglobin was 14.0 Gm. The white 
blood cell count was 5,500 per cubic millimeter, with a normal differential count 
No platelets were seen in a smear of the peripheral blood. There was no clot 
retraction after 24 hours. Biopsy of the bone marrow revealed an abundance of 
megakaryocytes, but there were no platelets about their periphery. Urinalysis 
revealed no abnormalities. Lumbar puncture showed an initial spinal fluid pressure 
of 200 mm. of water and frankly bloody fluid. which when centrifuged yielded a 
red cell layer beneath xanthochromic fluid 

Splenectomy was performed 24 hours after admission, on Dec. 30, 1949, by 
Dr. Alfred Hurwitz. Near the lower pole of the spleen in the great omentum 
an accessory spleen was identified and removed. The pancreas was palpated and 
seemed slightly larger than normal. The surgical procedure was deemed urgent 
to obviate further intracranial hemorrhage 

One hour after operation a smear of the peripheral blood revealed the presence 
of rare giant platelets, but normal platelets were not seen. Twelve hours after 
operation a smear revealed platelets in every field with abundant giant forms. At 
48 hours there were 300,000 platelets per cubic millimeter of blood. The platelet 
count on the fourth day was 129,270, that on the fifth day 130,510 and that on 
the seventh day 118,000 

Further immediate postoperative studies included first and second strength intra 
dermal tuberculin tests made with purified protein derivative, U. S. P., the results 
of which were negative, liver function tests, which showed normal functioning, and 
determinations of blood calcium (normal), total serum protein (7.3 Gm. per 
100 ce., with an albumin-globulin ratio of 1.2), bleeding time (24% minutes), clotting 
time (444 minutes) and clot retraction (prompt). A roentgenogram of the chest 
revealed no abnormality. During the next six weeks the platelet count dropped 
slowly to 22,000 per cubic millimeter, and during the sixth week petechiae were 
again noted about the ankles. The petechiae disappeared suddenly, and by the tenth 
week the platelets had risen to 430,000, the spinal fluid had cleared and there was 
remarkable improvement in the visual field defect and in reading ability. The 


patient was discharged on the sixty-first postoperative day 
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When the patient was reexamined 12 weeks postoperatively, the findings were 
within normal limits except that the roentgenogram of the chest revealed for 
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Fig. 1.—Gross spleen. A shows the wrinkled capsule and the rounded nodular 
surface elevations; A, the cut surfaces with sharply demarcated light nodules. 


the first time a diffuse granularity throughout both lung fields consistent with a 


diagnosis of diffuse sarcoidosis 
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The patient received 1,100 cc. of fresh whole blood during the surgical procedure, 
and on the one hundred and fiftieth postoperative day jaundice developed and he 
was readmitted. A diagnosis of homologous serum jaundice, confirmed by liver 
biopsy, was made. After nine weeks of hospitalization liver function returned to 
normal, the bleeding and clotting times and the platelet count remained normal 
and the chest roentgenograms remained unchanged. He was discharged asymp- 
tomatic and has remained well to date. 

Pathological Observations.—The spleen weighed 210 Gm. After its blood was 
allowed to ooze from the resected pedicle, its weight was reduced to 199 Gm. 
The capsule was staooth, thin and gray and was elevated in several places by rounded 
subcapsular nodules. These projected 2 mm. above the general surface of the 
spleen and had the appearance of metastatic tumor (fig. 14). After the loss of 
blood, the capsule of the spleen became generally wrinkled except over these nodules, 
where it remained relatively smooth. The spleen was of firm consistency and deep 
red. Numerous nodules measuring from 8 mm. to 2.5 cm. were found throughout 
the organ. The red pulp, on section, retracted from the light yellow nodules, 
causing them to bulge above the cut surface and bringing them into sharp relief 
(fig. 1B). The splenic pulp was otherwise of normal appearance and consistency. 
The malpighian bodies were not grossly enlarged. Accompanying the spleen was 
a small accessory spleen, measuring | cm. by 8 mm, by 8 mm. It was covered by 
a thin capsule and was of a dark purple-red color. The cut surface appeared to be 
moderately fibrous, of a lighter red color, and presented no nodules like those seen 
in the spleen proper 

Microscopic Examination.—The spleen was studded with numerous epithelioid 
granulomas, varying from a few epithelioid cells forming an irregular mass in a 
malpighian body to large, lobulated masses with rather loosely arranged cells and 
encapsulated by laminated, hyalinized collagenous envelops. Hyline strands fre- 
quently entered the lobulated masses of granulomas, further subdividing them. 
Numerous giant cells were present in the granulomas. They tended to have abun- 
dant cytoplasm and numerous small vesicular nuclei grouped around the periph- 
ery of the cell. No Schaumann or asteroid bodies were demonstrated. Many 
of the nodules had at the center a well formed small blood vessel (fig. 2A). 
There was no evidence of necrosis to suggest tuberculosis, and no parasitic organ- 
isms were found Acid-fast stains gave negative results. The splenic tissue 
about many of the nodules was filled with fresh blood (fig. 2B). The small 
blood vessels of the spleen showed hyaline beading of the arteriolar walls. The 
sinusoids of the spleen tended to be quite empty of red cells and contained an 
occasional megakaryocyte (fig. 3). The splenic pulp contained an occasional 
eosinophilic cell and a few polymorphonuclear granulocytes and lymphocytes. No 
phagocytosis of platelets or other blood elements was demonstrated. The mal- 
pighian bodies were of normal size and devoid of germinal centers. 


Bone Marrow Studies—The first marrow aspiration was done on the day before 


operation (fig. 44). The marrow contained 74 per cent cells of the granulocytic 


series, 21 per cent lymphocytes, 3 per cent monocytes, 1 per cent eosinophilic cells 
and | per cent plasmacytes. There were 35 nucleated red cells per hundred white 
blood cells. Megakaryocytes were numerous, four to five being present per high 
power field. Twelve hundred and ninety megakaryocytes were enumerated per 
million nucleated red cells, according to the method of Dameshek and Miller.® 
Numerous young forms, particularly promegakaryocytes, were present, as well 


5. Dameshek, W., and Miller, E. B.: Blood 1:27, 1946. 











> 


Fig. 2 i, sarcoid granuloma with central blood vessel and sharply outlined 
periphery (photomicrograph, oil immersion objective) B, sarcoid granulomas, 
encapsulated by fibrous tissue Hemorrhage is seen in the center of the field 
(photomicrograph, x 150) 
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as adult forms. The cytoplasm of these cells was vacuolated and deficient in 
granules. No platelet production was found, nor were platelets present in the 
marrow or in the accompanying peripheral blood smears. The second marrow 
aspiration was done on Jan. 16, 1950 (fig. 4B). There were 67 per cent cells of 
the granulocytic series, 25 per cent lymphocytes, 3 per cent monocytes, 3 per cent 
eosinophilic cells, 2 per cent plasmacytes and 19 nucleated red cells per hundred 
white cells. The megakaryocyte count was 1,220 per million nucleated red cells. 
The megakaryocytes were nearly all adult forms with multilobulated nuclei and 
well granulated cytoplasm, and platelets were present at their periphery. The third 
specimen of marrow was aspirated on Feb. 16, 1950, 48 hours after a recurrence 
of ecchymoses and petechiae. There were 72 per cent cells of the granulocytic 


Fig. 3—Splenic pulp showing relatively empty sinusoids and two mega- 
karyocytes 


series, 25 per cent lymphocytes, 2 per cent monocytes, no eosinophilic cells, 1 per 


cent plasmacytes and 52 nucleated red cells per hundred white cells. The mega- 
karyocytes appeared normal and were markedly abundant. The megakaryocyte 
count was 1,570 per million nucleated red cells. The platelets in the marrow 
smears and in the associated peripheral blood smears were sharply reduced. 
A fourth aspiration of marrow was performed on May 18, 1950 because of pos- 
sible serum hepatitis. The white cell count was 9,300 per cubic millimeter, with 
58 per cent lymphocytes. The red cell count was 4,280,000, and there were 259,000 
platelets per cubic millimeter, with a negative tourniquet test. There were 38 per 


cent cells of the granulocytic series, 53 per cent lymphocytes, 7 per cent monocytes, 











Fig. 4 1, megakaryocytes in bone marrow, Dec. 30, 1949. The larger cell has 
a compact, nonsegmented nucleus (photomicrograph, oil immersion objective). 
B, megakaryocyte in bone marrow, Jan. 16, 1950. The nucleus is elongated and 
folded. Platelets are attached to the periphery of the cell (photomicrograph, oil 
immersion objective ) 
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2 per cent eosinophilic cells and 14 normoblasts per hundred white cells. The 
megakaryocyte count was 660 per million nucleated red cells. The megakaryo- 
cytes were of adult form and normal appearance. Biopsy of the liver was per- 
formed on May 19, 1950 because of mild jaundice and hepatomegaly occurring 
150 days after the latest blood transfusion. Alkaline phosphatase was 131, units, 
and a test of urine for urobilinogen was positive in the dilution of 1 to 100. The 
material secured by needle biopsy showed the characteristic picture of infectious 
hepatitis with necrotic liver cells, round cell infiltration of the lobules, focal 
collections of chronic inflammatory ce!ls and bile pigmentation of the Kupffer 
cells. There were no sarcoid lesions in the liver sections. 


COMMENT 


The case presented exhibited the cardinal signs and symptoms of 
idiopathic thrombocytopenic purpura. There were ecchymoses, petechiae 
and hemorrhage involving the central nervous system, absence of plate- 
lets in the peripheral blood smear, lack of clot retraction and marked 
hyperplasia of the megakaryocytes in the bone marrow with failure of 
platelet production. 

The skin test made with purified protein derivative of tuberculin 
U. S. P. provoked no reaction, and on reexamination the chest roent- 
genogram revealed diffuse granularity throughout both lung fields, con- 
sistent with sarcoidosis of the lungs. 

The continued granularity of the lung fields indicates that the 
sarcoidosis persists. The clinical course, the peripheral blood smears 
and the results of the bone marrow studies suggest that the purpura 
has been cured. 

Statistically it is probable that thrombocytopenic purpura associated 
with, or mediated by, sarcoid granulomas is more common than reports 
would indicate. The evidence that in this case it was of the idiopathic 
variety is meager inasmuch as (1) the patient was a male, (2) he was 
considerably older than the age group usually involved and (3) there 
was a lack of the characteristic eosinophilic cell infiltration and of the 
prominent germinal centers in the malpighian bodies of the spleen. 

The pathological observations indicate that the spleen was not 
hyperactive in the phagocytosis of platelets but rather that an arrest of 
maturation occurred in the bone marrow associated with megakaryo- 
cytic hyperplasia, lack of granularity, vacuolation and failure of platelet 
production. It is possible that the sarcoid may have mediated the 
production of the same agent responsible for failure of platelet pro- 
duction as observed by Frank* and Dameshek and Miller® in the 
idiopathic form of thrombocytopenic purpura. It has been suggested 
that reticuloendothelial hyperplasia of whatever cause is the source of 


the hypothetical marrow depressant resulting in maturation arrest 


ferl. klin. Wehnschr. $%:454, 490, 1915 
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Such hyperplasia did not occur in the sections of the spleen and bone 
marrow which were examined except in the granulomas themselves 
In Enzer’s case “ of pancytopenia with purpura and sarcoid granulomas 
of the spleen, no lesions were found in the marrow at autopsy 

Furthermore, it is most unlikely that splenectomy would remove 
enough of the reticuloendothelial system to produce a cure if this 
mechanism were responsible. 


In five of the cases of thrombocytopenic purpura associated with 


splenic sarcoid reported to date, the patients were subjected to splenec 
tomy, with four cured 
SUMMARY 

\ case of thrombocytopenic purpura associated with sarcoid is 
reported. Evidence is presented to indicate that the thrombocytopenia 
was due to arrest of the maturation of the megakaryocytes of the bone 
marrow, probably related to the splenic agent said to occur in idiopathic 
thrombocytopenic purpura. 





STUDIES ON THE ACUTE TOXIC EFFECTS OF 4-AMINO- 
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MINOPTERIN, or 4-aminopteroylglutamic acid, is the most potent 
known antagonist of pteroylglutamic, or folic, acid. It has been 
extensively used in investigations designed to determine the physi- 
ological interrelationships of folic acid,’ in studies which evaluated its 
effect on animals and in the treatment of acute leukemia in man.* An 
earlier report from this laboratory described the hematological changes 
produced in guinea pigs by the administration of relatively small doses 
of the antagonist given over an extended period.® The present report 
defines the acute toxic effects produced by large doses of 4-aminopteroy]- 


glutamic acid in dogs, guinea pigs and rabbits, calls attention to a 


striking difference in species susceptibility to 4-aminopteroylglutamic 


acid and presents evidence to indicate that very large amounts of 
folic acid can protect dogs, at least, from doses of the antagonist which 


otherwise are lethal 

From the Departments of Internal Medicine and Pathology, Washington 
University, School of Medicine 

This investigation was supported in part by research grant H-22 from the 
United States Public Health Service, and in part by a grant from the Lederle 
Laboratories Division of the American Cyanamid Company 

1. Nichol, C. A., and Welch, A. D Proc. Soc. Exper. Biol. & Med. 74:403, 
1950 

2. Reinhard, E. H.; Good, J. T., and Martin, E J. A. M. A. 242:383, 
1950 

3. Innes, J.; Innes, E. M., and Moore, C. \ J. Lab. & Clin. Med, 34:883, 
1949 


787 


BS obs vin sain ee 











ARCHIVES OF PATHOLOGY 


MATERIAL AND METHODS 


Three species of animals were used for the experiments: (a) healthy mongrel 
dogs, (6) young guinea pigs weighing 250 to 550 Gm. and (c) young adult 
rabbits weighing 15 to 2 Kg. Each animal was housed in an individual cage 
and given food ad libitum. The dogs were fed a commercial dog food “*; the other 
animals received a commercial rabbit chow.*® Lettuce was also regularly provided 
for the guinea pigs. No attempt was made to influence synthesis of pteroylglutamic 
acid on the part of intestinal organisms by including any of the sulfonamide com- 
pounds in the diet. 

Solutions of 4-aminopteroyiglutamic acid® were prepared by dissolving a 
weighed amount of the substance together with the same weight of sodium bicar- 
bonate in sufficient distilled water to yield final concentrations of 5 and 10 mg. per 
cubic centimeter. They were then autoclaved. When necessary, these solutions 
were diluted with sterile distilled water in order to facilitate accurate measuring 
of smaller doses. Injections of the material were made into the subcutaneous 
tissue of the neck. 

In each experiment, the normal range of peripheral blood values was established 
during a control period of two to seven days. Blood was obtained for counts by 
puncturing an ear vein with a Bard-Parker scalpel blade. Throughout the period 
of observation, frequent determinations were made of the red blood cells per 
cubic millimeter, the hemoglobin,* the total white blood cells per cubic millimeter, 
the differential percentages, the reticulocyte percentage and the thrombocyte level." 
Both supravital and fixed films stained with Wright's stain were employed. Bone 
marrow was aspirated from the iliac crest during life or obtained from the head 
of the femur at autopsy. Postmortem examination was made as soon as possible 
after the animal died; blocks of tissue were taken for histological examination 
from the following organs: heart, liver, spleen, kidneys, adrenal glands, gastro- 
intestinal tract and bone marrow 


EXPERIMENTAL OBSERVATIONS 
Changes Induced by 4-Aminopteroylglutamic Acid and Differences 
in Degree to Which Dogs, Guinea Pigs and Rabbits Were Affected by 
the Antagonist.—-Early in the course of these experiments it became 
evident that there was a significant difference in the response of these 
three species of animals given injections of 4-aminopteroylglutamic acid 


Dogs were much more susceptible to toxic effects than were guinea pigs, 
and guinea pigs seemed slightly more susceptible than rabbits. 


1. Effects on Dogs: In experiments on seven dogs, 4-aminopteroylglutamic acid 
was injected subcutaneously in daily doses of 0.25 to 5 mg. for from five to eight 
days (table 1) [his amount provided 0.023 to 0.48 mg. per kilogram of body 
weight. Four of the dogs died on the sixth to the ninth day of the experiment 


4. (a) The food used is marketed under the name of “friskies dog food cubes”® 
by Albers Milling Company, a division of the Carnation Company, Peoria, III. 
(b) The chow used is marketed under the name of the “complete rabbit chow” by 
Ralston Purina Company, St. Louis 

5. The 4-aminopteroylglutamic acid and the pteroylglutamic acid used in these 
experiments were supplied by Dr. Guy Clark, of the Lederle Laboratories, Inc 

6. Evelyn, K. A J. Biol. Chem. 115:63, 1936, 

7. Dameshek, W Arch. Int. Med. 5@:579, 1932 
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Whenever the dose was greater than 0.04 mg. per kilogram, the animals began to 
eat less on the third or fourth day of injections, vomited frequently and lost weight 
rapidly. A severe degree of glossitis developed, and bleeding of the gums occurred. 
These changes were soon followed by bloody diarrhea, so severe that blood dripped 
from the rectum. The resultant dehydration was associated with a rise of the red 
cell and hemoglobin levels. 

The most consistent changes in the peripheral blood were decreases in reticulo- 
cytes and lymphocytes. Total eosinophil counts were not done, but there was an 
unmistakable tendency for these cells to become less numerous. With the two 
highest doses (dogs 1 and 2) severe leukocytopenia developed rapidly. In five 


Taste 1.—Effect of 4-Aminopteroylglutamic Acid on Peripheral Blood of Dogs 
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* This was calculated om the basix of the weight at the beginning of the experiment 


instances the thrombocyte level rose after hemorrhage began; thrombocytopenia 
was never observed. There was a striking decrease in the number of nucleated red 





blood cells in the bone marrow without any detected shift to younger forms. No 
cells resembling megaloblasts were seen. In the case of dogs 1, 2 and 3 bone 
marrow was obtained from ribs, vertebrae and the head of the femur at autopsy. 
All sections demonstrated advanced hypoplasia with fat replacement. There were 
slight congestion of capillaries and engorgement of sinusoids. 

Dog 5 and during period “a” dog 4 were particularly interesting. These 
animals became extremely ill but survived long enough to undergo spontaneous 
remissions. Dog 4 became semicomatose on the eighth day and was so dehydrated 
that he was given 250 cc. of 5 per cent dextrose intravenously on two successive 
days After five or six days of continued anorexia, gastrointestinal bleeding, 
severe reticulocytopenia and a falling red cell count, recovery took place. Reticulo- 
cytes reappeared on about the eighteenth day and nucleated erythrocytes increased 
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in the marrow \ few moderately young erythroblasts were observed, but no 
megaloblasts. in dog 4 the reticulocyte peak reached 28 per cent. At about the 
same time, a transient granulocytic leukocytosis developed ; as many as 10 per cent 
of the cells were myelocytes and 25 per cent metamyelocytes, but there was also a 
return of lymphocytes to control levels. The red cells gradually rose, gastro 
intestinal manifestations subsided, weight stabilized or increased and the animals 
again became vigorous and normal in appearance 

An attempt was made to determine whether in these two animals the anemia 
was caused solely by a hemolytic action of the drug. The hemorrhagic diarrhea, 


however, was so severe that feces could not be collected in quantity for urobilin 


determination. Serum bilirubin levels, measured in dogs 1 to 4, showed only 


negligible increases (control values, 0.05 to 0.13 mg. per 100 cc maximum 


values, 0.18 to 0.29 mg. per 100 cc.) 


Necropsy revealed congestion of the gastrointestinal tract, with petechiae 


visible on the mucosal surface, particularly near the rectum. Hemorrhage and 


Taste 2.—Effect of 4-Aminopteroylglutamic Acid on Peripheral Blood of Guinea Pigs 
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* This was calculated on the basis of the weight at the beginning of the experiment 
t The weights of guinea pigs 4, 5, € and 8 were not obtained, but they were relatively small 


focal areas of atelectasis were found in the lungs of dog 3. No other gross 


pathological changes were observed Microscopic examination of sections from 


the gastrointestinal tract showed great engorgement of the mucosal vessels of 
tips of the villi of the lamina propria, 





the stomach with hemorrhages in the 
congestion of the intestinal mucosa and degenerative epithelial changes (dogs 1 
and 2) of the type described by other workers." There was advanced congestion 
of the liver with slight atrophy of the central hepatic cords. Advanced congestion, 
an increase in reticulum cells and open sinusoids were noted in the spleen, 
together with hemorrhages around a few of the trabeculae and a decrease in the 
number and the size of follicles, a few of which had active centers 

). Effects on Guinea Pigs: Seven guinea pigs were given an injection of 
0.5 to 5 mg. of 4-aminopteroylglutamic acid each day for eleven to 28 days (table 2) 
obtained, but it is 


Unfortunately, the weights of animals 4, 5, 6 and 8 were not 


&. Rinehart, ]. F.. and Greenberg, J]. D Am. J]. Path. 24:710, 1948. Wall, 
Arch. Path. 46:559, 1948 
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known that thec were relatively small. Even if it is assumed that these guinea 
pigs weighed 500 Gm. each, the daily dose provided from 1.1 to 10 mg. per 
kilogram, amounts which are approximately 20 or more times greater than those 
given each day to the dogs. The injections, furthermore, were continued for a 
longer period of time. In spite of these factors, toxic manifestations were less 
severe, and survival times were longer (twelve to 26 days). Guinea pig 10, 
given 2.1 mg. per kilogram of body weight for 28 days, survived the administration 
All the animals lost weight. No lesions appeared in the oral cavity. Bloody diarrhea 
was observed terminally in several instances but, except in guinea pig 14, was 
always associated with thrombocytopenia. 

The severity of the hematic changes varied with the size of the individual 
dose and the duration of administration. Reticulocytopenia occurred early im 
all instances and was followed by the development of a normocytic normochromic 
anemia of variable severity. In guinea pig 4, given 5 mg. each day, the red cell 
count fell to 1.51 million cells on the thirteenth day. In animals 10 and 14 
(1.0 and 0.5 mg. daily) the level decreased to 1.67 and 2.15 million cells on the 
thirty-second and twenty-first days, respectively. Granulocytopenia and concomitant 
lymphocytopenia appeared uniformly, Terminally, in guinea pigs 5, 6 and 8 
lymphocytes constituted 75 to 94 per cent of all white cells. Granulocytes showed 
hypersegmentation of their nuclei, with some cells containing as many as 14 
lobes There was no consistent tendency for the percentage of eosinophils to 
decreas Thrombocyte levels fell precipitously in those animals which received 
2.5 to 5 mg. per day (nos. 4, 5 and 6) but did not drop in the other instances 

The bone marrow of all animals showed a definite diminution in erythroid 
cells; a few young erythroblasts could be found, but one had to search for them 
The hypocellularity extended to granulocytic elements, and in those animals given 
the larger doses {nos. 4, 5, 6 and 8) the hypoplasia was advanced. Karyorrhexis 
of the nuclei was present. Megakaryocytes were markedly reduced in animals 
4 and 5. Large cells of the type previously called “reticulum cell” * were increased 
in number: guinea pigs 14 and 18 died three and five days, respectively, after 
injections of 4-aminopteroylglutamic acid had been discontinued. In the marrow 
specimens obtained from the two animals at autopsy, beginning recovery was 
apparent; the marrow was cellular and definitely hyperplastic for nucleated 
erythrocytes. No evidences of maturation arrest were found 

The observations on guinea pig 10 are of particular interest because this animal 
recovered from the effects of 4-aminopteroylglutamic acid after the antagonist 
had been given in a daily dose of 1 mg. for 28 days (chart 1). Four days after 
the last injection, a striking reticulocytosis of 34.9 per cent appeared; a rise 
in red cells followed shortly thereafter 

Macroscopic examination of tissues at the time of death revealed few significant 
changes. There were areas of hemorrhage in the intestinal wall of guinea pig 14. 
Splenomegaly was present in guinea pigs 14 and 18; hepatomegaly, in guinea pig 14 

Fatty metamorphosis was the most constant histological abnormality noted in 
the liver. Hemosiderin granules were found in the spleen; follicles were normal, 
without reactive centers. Reticulum hyperplasia was noted in the spleens of 
guinea pigs 14 and 18. Congestion of the spleen with prominent sinusoids and 
diffuse fibrosis was observed in guinea pig 14. In none of the lymph nodes 
examined was there evidence of active proliferation or destruction of cells; the 
general appearance was of inactivity or slight hypoplasia. Adrenals from four 
animals were examined and showed no histological lesions 


3. Effects of 4-Aminopteroylglutamic Acid in Rabbits: Four rabbits were 


given 5 or 10 mg. of 4-aminopteroylglutamic acid per day for nine to 33 days 
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These doses were equivalent to 2.5 to 62 mg. per kilogram of body weight 
(table 3) The animal which received the largest amount of antagonist lost 
weight, had diarrhea terminally but otherwise appeared normal up to the time of 
death on the thirty-third day of administration. Rabbits 2 and 3 survived for 
only nine and 13 days; a watery diarrhea developed during the terminal four or 
five days in both animals. Rabbit 4 was killed by a dog which had broken out 
of its cage; at the time of death, on the seventeenth day of administration, this 
rabbit had lost no weight and had shown no evidence of toxicity 

Hematologic variations from the normal were much less striking than in 
the guinea pigs. Erythrocyte, hemoglobin and thrombocyte levels did not change 
significantly in any instance. Reticulocytoperia occurred only in rabbit 3. The 
white blood cells fell to 1,250 per cubic millit:.cter in rabbit 1. Lymphocytopenia was 
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Chart 1.—Data on guinea pig 10 and dog 4, which recovered from anemia 
roduced by 4-aminopteroylglutamic acid, antagonist of folic acid 





Taste 3.—Effect of 4-Aminopteroylglutamic Acid on Peripheral Blood of Rabbits 
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observed in three of the animals. Leukocytosis developed in rabbits 2 and 4. 
The percentage of eosinophils did not decrease. 

No gross albmormalities were observed at necropsy. Histological examination 
of the lungs showed edema and congest'.1. The spleens of rabbits 1 and 3 were 
congested and had large follicles with active germinal centers. Reticulum cells, 
between small follicles without germinal centers, were prominent in the spleen 
of rabbit 4; there was no congestion. The bone marrow was hypoplastic, congested 
and contained the granular basophilic debris characteristic of an acutely hypo- 
plastic marrow. The hypoplasia involved all marrow elements; the ratio of white 
cells to nucleated erythrocytes was not altered. In the preparations from 
rabbit 4, areas of normal cellularity were scattered through the predominantly 
hypoplastic marrow. No megaloblast-like cells were observed. “Reticulum cells” 
similar to those found in guinea pig marrow were present in small numbers. 
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Chart 2.—-Data on rabbit 1, guinea pig 14 and dog 3 showing species difference 
in susceptibility to the action of 4-aminopteroylglutamic acid. 


Even though the observations described in the foregoing sections 
were made on small numbers of animals, they demonstrate clearly that 
(1) the rather large doses of 4-aminopteroylglutamic acid employed 
cause hypoplasia of all marrow elements, (2) nucleated erythrocytes 
are the first cells to disappear from the marrow of dogs and guinea pigs, 
(3) a species difference appears in the degree to which animals are 
susceptible to the toxic effects of the antagor:ist and (4) marrow may 
recover spontaneously from the depressant effects of 4-aminopteroyl- 
glutamic acid. The data in chart 2 emphasize the species difference. 
No evidences of maturation arrest were detected in the bone marrow. 
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Effect of Pteroylglutamic Acid and of Purified Liver Extract on the 
Toxic Manifestations Produced by 4-Aminopteroylglutamic Acid.— 
Large doses of pteroylglutamic acid (folic acid) and/or of purified 


liver extract failed to prevent the death of guinea pigs given 4-amino- 
pteroylglutamic acid. That the folic acid offered some degree of 
protection against the toxic effects of the antagonist, however, was 
suggested by the following observations: (1) Treated animals tended to 
survive for a longer period, and (2) the bone marrow at death was 
cellular rather than hypoplastic, although nucleated erythrocytes 


Tauce 4.—Fatlure of Pteroylalutamic Acid and of Liver Extract scent the Hematy 


Changes Caused in Guinea Pigs by Large Doses of 4-Amimoptcroyigiutamiec Acid 
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+ Of the amount given, § me. was injected: the remainder was given orally 
| The daily dose of pteroylghutamiec acid was changed on the days indicated 
+ The liver extract wae discontinued after 18 days 


remained frankly reduced in number. The predominant cell was a very 
primitive blast form. In dogs it was possible to inject 200 to 800 times 
more pteroylglutamic acid than 4-aminopteroylglutamic acid and to 
achieve a greater degree of protection 


ight guinea pigs were given 4-aminopteroylglutamic acid in doses comparable 
to those used in the preceding experiments. Five of these animals received, in 
addition, amounts of folic acid that were 10 to 100 times larger than the dose of 
the antagonist; two were given a daily injection of 5 U. S. P. units of a purified 
liver extract,* and one received both folic acid and liver extract. Only 5 mg. of 
each daily dose of folic acid was given subcutaneously; the remainder was admin 
istered by mouth. The results are recorded in table 4. In all instances the 


9. Lederle Laboratories liver extract, 15 U. S. P. units per cubic centimeter 
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loss of weight and the peripheral hematic changes were comparable to those 
observed in grinea pigs given 4-aminopteroylglutamic acid alone, and seven of 
the eight animals died. There was evidence, however, that the folic ‘acid had 
afforded partial protection against the toxic effects of the antagonist. Guinea pigs 
15, 20, 21, 7 and 13 survived for definitely longer periods than had animals given 
comparable amounts of 4-aminopteroylglutamic acid without folic acid supple- 
mentation. The bone marrow was also different. In guinea pigs 15, 20 and 7 
it was normally cellular, but the differential counts showed roughly that one third 
of the cells were lymphocytes, one third myelocytes and one third “reticulum” 
cells. Megakaryocytes were found in approximately normal numbers in spite of 
the thrombocytopenia present in animals 15 and 20. Nucleated erythrocytes were 
rare; a few early erythroblasts were seen, but these did not possess the character- 
istics of the megaloblasts of pernicious anemia. The marrows of guinea pigs 13 
and 21 differed in that they were hyperplastic and contained numerous normo- 
blasts. This increase in normoblasts may well have occurred as the result of a 
beginning hematic recovery. Injections of 4-aminopteroylglutamic acid had been 
discontinued three days before death, and previous experiments (table 2, guinea 
pigs 14 and 18) had demonstrated that normoblasts return to the marrow promptly 
after administration of the antagonist is stopped. 

Evidence of a protective effect of liver extract was not obtained. The survival 
times of animals given liver as well as 4-aminopteroylglutamic acid were not clearly 
prolonged. The bone marrow studies in animals 11 and 12 were made at the time 
of death, several days after the last injection of antagonist. The marrow was 
cellular in each instance; the percentage of normoblasts was higher than normal 
It is not possible to tell how much of the cellularity resulted from the action of 
the liver extract and how much was due to release from the inhibitory effect of 
4-aminopteroylglutamic acid 

One animal in this group recovered (guinea pig 9). Injections of the antagonist 
were discontinued on the thirteenth day, however, and it seems likely that the 
remission was spontaneous. It is possible that the liver extract and/or the 
pteroylglutamic acid might have influenced the height of the reticulocyte response, 
but the recovery did not differ otherwise from that observed in guinea pig 10 


> 


(table 


Hepatomegaly was found at necropsy in all guinea pigs given supplementary 
pteroylglutamic acid; autopsy findings otherwise were similar to those observed 
when 4-aminoptervylglutamic acid alone was administered 

Four separate experiments were done on three of the dogs that previously had 
received only the antagonist. These dogs offered two advantages: (1) because 
of the great sensitivity manifested by dogs to 4-aminopteroylglutamic acid, the 
doses could be kept rather small, and (2) the larger size of the animals made it 
possible to inject 200 mg. of folic acid per day. Consequently, a high ratio of 
pteroylglutamic acid to antagonist could be maintained: from 200:1 to 800:1. 
All animals survived. In only one instance, dog 4, were there a significant loss of 
weight, moderate dehydration, glossitis and diarrhea. Melena did not occur. 


Anemia, leukocytopenia and thrombocytopenia were not observed. In two experi- 
ments the lymphocytes decreased temporarily, and in three experiments there was 
a moderate depression of reticulocytes. From these results it would appear that 
extremely large doses of pteroylglutamic acid are able to offer a high degree of 
protection against the toxic effects of 4-aminopteroylglutamic acid. An objection 
may be made on the grounds that tolerance of 4-aminopteroylglutamic acid may 
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develop as a result of prior administration. Berman, Axelrod, VonderHeide and 
Sharpe,'® for instance, reported that patients with chronic leukemia could be 
treated with larger cumulative doses of the antagonist if small doses were used 
initially. Consistent with this observation is the fact that dog 4 (table 1), after 
an interval of 11 months, was able to tolerate 0.5 mg. 4-aminopteroylglutamic acid 
daily for six days much better than he had initially. However, the experiment 
in which dog 5 was given the antagonist by itself and in which toxic manifestations 
were severe (table 1) was done between the two pteroylglutamic acid supple- 
mented experiments recorded in table 2. 


COMMENT 


The results of these experiments support the concept that 4-amino- 
pteroylglutamic acid exerts its toxic effects by inducing an acute defi- 
ciency of folic acid. The possibility that its toxicity is mediated through 
some other mechanism is not ruled out, but seems less likely. When 
folic acid deficiency is induced in experimental animals fed a purified 
diet and given one of the sulfonamides to lessen synthesis on the part 
of intestinal organisms, the manifestations of deficiency are not identical 
in all species."' Loss of weight, anorexia, involvement of the gastro- 
intestinal tract and varying degrees of interference with bone marrow 
function, however, are commonly observed. All these changes occur 
when 4-aminopteroylglutamic acid is given. 


It is particularly interesting to compare the marrow changes 


observed in folic acki deficiency induced by nutritional means with 
those in the deficiency produced by administration of 4-aminopteroyl- 
glutamic acid. The marrow of the animals suffering from the former 
has been variously described as hypoplastic *** ' and as cellular. When 
it was cellular, some observers mentioned only an increase of nucleated 
red blood cells and/or an increase in the number of blast cells, 4 
while others described an arrest of maturation of erythroid elements, 
some of which were regarded as having characteristics similar to the 


10. Berman, L.; Axelrod, A. R.; VonderHeide, E. C., and Sharpe, FE. A.: J 
Lab. & Clin. Med. 38:1643, 1948. 

11. (a) Hogan, A. G., and Parrott, E. M.: J. Biol. Chem. 182:507, 1940. (b) 
Franklin, A. L.; Stokstad, E. L. R., and Jukes, T. H.: Proc. Soc. Exper. Biol 
& Med. 65:368, 1947. (c) Weir, D. R.; Heinle, R. W., and Welch, A. D.: Ibid 
€9:211, 1948. (d) Franklin, A. L.; Stokstad, E. L. R.; Belt, M., and Jukes, 
T. H.: J. Biol. Chem. 169:427, 1948. (¢) Campbell, C. J.; Brown, R. A., and 
Emmett, A. D Ibid. 152:483, 1944. (f) Endicott, K. M.; Daft, T. S., and 
Ott, M Arch. Path. 40:364, 1945. (9) Spicer, S. S.; Daft, F. S.; Sebrell, 
W. H., and Ashburn, L. L.: Pub. Health Rep. $7:1559, 1942. (h) Bethell, F. H.: 
Swendseid, M. E., and Rosenman, R. H.: J. Clin. Investigation 28:926, 1944. (i) 
Gross, P.; Axelrod, A. E., and Bosse, M. D.: Am. J. M. Sc. 208:642, 1944. (j) 
Heinle, R. W.; Welch, A. D., and Pritchard, J. A.: J. Lab. & Clin. Med. 38: 1647. 
1948. (k) Cartwright, G. E.; Fay, J.; Tatting, B., and Wintrobe, M. M.: Ibid 
33: 397, 1948. (1) Doan, C. A.: Am. J. M. Sc. 292:257, 1946. 
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megaloblasts of pernicious anemia."* When relatively large doses of 
4-aminopteroylglutamic acid are given, as in the experiments described 
in this report, the marrow becomes hypoplastic. With amounts svall 
enough to be tolerated over a period of weeks, however, the marrow 
tended to show increased cellularity with immaturity of both granulo- 
cytic and erythrocytic precursors.’ In addition, Thiersch and Philips ** 
reported that when serial bone marrow studies were done on dogs after 
the administration of 4-aminopteroylglutamic acid, they observed 
increasing degrees of hypocellularity, but before hypoplasia became 
advanced they were able to detect qualitative changes in nucleated red 
cells which made them resemble megaloblasts. A possible explanation 
of all these results is the following: With moderate degrees of folic 
acid deficiency the marrow may remain cellular and, in experimental 
animals, may even show evidences of maturation arrest. Hypoplasia of 
the marrow may be the result of advanced deficiencies. Similarly, with 
relatively small doses of 4-aminopteroylglutamic acid the folic acid 
deficiency produced may be mild and the marrow may remain cellular 
for that reason. Larger doses may precipitate an acute deficiency of 
more severe degree and lead rapidly, therefore, to marrow hypoplasia. 


Protection against the effects of small amounts of 4-aminopteroyl- 
glutamic acid is apparently readily obtained by the simultaneous 
administration of folic acid.'* In rats partial protection is afforded 
against toxic doses of the antagonist by large amounts of folic acid. 
With daily administration of large amounts of folic acid we were not 
able to prevent the daily injection of 0.5 to 2.5 mg. of 4-aminopteroyl- 
glutamic acid from causing severe anemia in guinea pigs. In dogs, 
however, a high degree of protection was afforded when the amount of 
folic acid given was 200 to 800 times greater than the dose of 
antagonist. 


One of the most interesting demonstrations provided by these 
experiments is the evidence for a significant difference in species sus- 
ceptibility to the toxic effects of 4-aminopteroylglutamic acid, Dogs 
were much more sensitive than guinea pigs, and guinea pigs were more 
susceptible than rabbits. Cartwright and his associates,’* furthermore, 
have reported that pigs weighing 32 to 37 Kg. were able to tolerate 


12. Heinle, R. W.; Welch, A. D.; George, W. L.; Epstein, M., and Pritchard, 
J. A.: J. Lab. & Clin. Med. 32:1398, 1947. Cartwright and others.1** 

13. Thiersch, J. B., and Philips, F. S.: Proc. Soc. Exper. Biol. & Med. 71: 
484, 1949. 

14. Swendseid, M. E.; Wittle, E. L.; Moersch, G. W.; Bird, O. D., and 
Brown, R. A.: J. Biol. Chem. 179:1175, 1949. 

15. Higgins, G. M.: Blood 4:1142, 1949. 

16. Cartwright, G. E.; Palmer, J. J.; Tatting, B.; Ashenbrucker, H., and 
Wintrobe, M. M.: J. Lab. & Clin. Med., to be~published. 
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16 mg. of 4-aminopteroylglutamic acid per day without any changes 
developing in the peripheral blood or the marrow. These differences 
become all the more striking when one recalls that the therapeutic dose of 
4-aminopteroylglutamic acid for adult patients with acute leukemia is 
only 1 or 2 mg. per day, and that even this comparatively small amount 
may cause severe degrees of marrow hypoplasia. 

Nichol and Welch* have recently presented evidence that 4-amino- 
pteroylglutamic acid affects metabolism by interfering with the process 
by which folic acid is converted to the “citrovorum factor.” This factor 
is the product of the metabolic alteration of pteroylglutamic acid and is 
a biologically active derivative of folic acid. It was shown to be capable 
The 
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of these two authors suggests in addition that 4-aminopteroylglutamic 


acid interferes with the utilization of the citrovorum factor. It is not 
clear at present, on the basis of the above explanation, why different 
species of animals should manifest such a striking difference of sus- 
ceptibility to 4-aminopteroylglutamic acid 

Lymphocytopenia was observed in the majority of animals studied 
in this investigation. Dougherty and Dougherty '’ have suggested that 
4-aminopteroylglutamic acid has a hormonally mediated effect as well 
as a direct inhibitory action on the lymphatic system because they found 
that lymphocytopenia and atrophy of lymphatic tissue did not occur in 
Other 


authors, however, have not been willing to accept the idea that 4-amino- 


mice adrenalectomized prior to administration of antagonists 
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pteroylglutamic acid stimulates pituitary and adrenal cortical secretions."* 
The observations reported in the present paper are not helpful in 
resolving this disagreement. 


SUMMARY AND CONCLUSIONS 


\ distinct difference in the susceptibility of dogs, guinea pigs and 
rabbits to the toxic effects of 4-aminopteroylglutamic acid was demon- 


strated. Dogs were the most sensitive of the three species of animals 


The acute changes produced by relatively large doses of the antagonist 
are described. With large amounts, hypoplasia of the marrow was an 
invariable result. The reasons for regarding the manifestations of 
4-aminopteroylglutamic acid toxicity as evidences of an acute folic acid 
deficiency are discussed, and a possible mechanism of action of 4-amino- 
pteroylglutamic acid is reviewed. Large amounts of folic acid were able 
to provide a high degree of protection in dogs against doses of the 
antagonist which otherwise were lethal. The protection achieved in 
guinea pigs was less complete. 

18. Law, L. W.; Dunn, T. B.; Boyle, P. J., and Miller, J. H.: J. Nat. Cancet 


Inst. 10:179, 1949. Hanlon, D. G.; Mason, H. L., and Stickney, J. M J. Lab 
& Clin. Med. 34: 1606, 1949 











THE MOVEMENT OF WATER IN INTERSTITIAL TISSUE 
AND IN MUSCLE REMOVED FROM THE BODY 


EUGENE L. OPIE, M.D. 
AND 
MARY BOON ROTHBARD, M.D. 
NEW YORK 


HE PRESENT study has been undertaken in order to obtain 

information about some of the characteristics of interstitial tissue 
that are concerned with the movement of water during life. In 
previous publications’ the water exchange of tissues removed from 
the body and immersed in various fluids has been described, and con- 
spicuous differences in this relation between parenchymatous tissues, 
namely liver, pancreas and kidney, on the one hand, and loose inter- 
stitial tissue of omentum or thymus, on the other hand, have been 
defined. It is noteworthy that organs chiefly composed of secreting cells 
are isotonic with solutions of sodium or potassium chloride of approxi- 
mately twice the concentration of sodium chloride in the blood, whereas 
loose areolar tissues (omentum, thymus) are isotonic with blood serum. 
The hepatomas and sarcomas that have been examined are isotonic 
with solutions of sodium chloride of approximately the same concentra- 
tion as that in blood. Unlike the areolar tissues mentioned, dense 
fibrous tissue of the corium and of the aorta and the tough, fibrous stroma 
of benign fibroadenomas when immersed in solutions of sodium chloride 
fail to reach water equilibrium with increasing concentration and take 
up water in all solutions from 0.1 to 0.6 molar. 


METHODS 


Particles of tissue have been weighed on a torsion balance and, after immersion 
in various fluids, reweighed at intervals in order to determine directly how 
much water has entered or left them. The details of the method have been 
described elsewhere.’ The rats from which tissues have been obtained have 
received a diet consisting of bread, milk and carrots and have had access to water. 
They have been killed by bleeding, and blood has been removed from the tissue 


From the Laboratories of The Rockefeller Institute for Medical Research. 

This study has been conducted with the aid of grants from the Jane Coffin 
Childs Memorial Fund for Medical Research and the Anna Fuller Fund 

1. Opie, E. L.: J. Exper. Med.-88:185 and 209, 1949. 
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slices by bringing them into contact with cotton gauze. Slices of muscle are 
not so readily cut as those of liver or kidney and are often irregular in shape. 
They have usually been prepared from rectus or psoas muscle and have weighed 
from 75 to 150 mg. In some instances small muscles have been isolated by 
dissection, and the whole muscle has been used for immersion. The muscular 
part of the diaphragm, cut into five or six pieces, has been used. Corium has been 
obtained from the thick skin of the back after removing the hair with clippers 
and dry shaving. The closely attached cutaneous muscle has been completely 
removed by dissection with a sharp knife. The corium, still covered on one side 
by epithelial cells, is cut into rectangular pieces approximately 75 by 150 mm. and 
weighing from 100 to 125 mg. The percentage change of weight is a measure of 
the movement of water. The tissue is soon profoundly modified by the injury 
following immersion, and in most of the experiments observations have been 
limited to the initial water exchange, occurring with the first 10 minutes 


MOVEMENT OF WATER IN CORIUM OF SKIN REMOVED FROM THE BODY 


The intercellular material of connective tissue consists of collagenous 
and elastic fibrils, cement substance collecting the fibrils into bundles, 
amorphous ground substance, perhaps continuous with the cement sub- 
stance, and tissue fluid, often assumed to occupy definable tissue spaces. 
The homogeneous semigelatinous ground substance which in the embryo 
precedes the formation of connective tissue fibers is well known, and 
there is a transition in physical characters from the soft, gelatinous 
material represented by “Wharton's jelly” of the umbilical cord through 
areolar and dense fibrous tissue to cartilage and bone. Observations of 
the transparent tail fin of amphibian larvae and of connective tissue 
developing within transparent chambers in the rabbit’s ear by Clark and 
Clark* have furnished evidence that the intercellular substance is 
gelatinous and not fluid. India ink particles and fat droplets remain 
sharply localized when introduced by a micropipet, whereas within the 
lumen of a lymphatic or blood capillary they spread instantly. A 
significant observation has been made by McMaster.’ Locke's solution 
or blood serum was introduced with a fine needle into the cutaneous 
connective tissue of mice. At low pressures a small quantity of fluid 
entered the tissue, but the rate of flow was not increased until a pressure 
of 8.5 cm. of water was reached. At this level, designated the “breaking 
point,” the flow was abruptly accelerated and later increased with 
relation to further elevation of pressure. 





Water penetration of connective tissue immersed in various solutions 
was studied by Schade and Menschel,* who found that interstitial tissue 
of the umbilical cord and tendon, under some conditions, became swollen 
even in strong solutions of sodium chloride, and they measured roughly 
the pressure necessary to prevent swelling. Their observations were 


2. Clark, E. R., and Clark, L. C.: Am. J. Anat. §2:273, 1933 
3. McMaster, P. D.: J. Exper. Med. 74:9, 1941 
4. Schade, H., and Menschel, H.: Ztschr. f. klin. Med. 96:279, 1923 
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made by weighing tissues at intervals of 24 hours and gave little infor- 
mation about the initial changes that occurred before the tissues were 
subjected to the injury-associated with prolonged immersion in various 
fluids 


When coritum of the skin is immersed in solutions of sodium or of 


potassium chloride, it takes up water from concentrations varying from 


0.1 to 0.6 molar or more (chart 1). Solutions of sucrose, a nonelectro- 
lyte, cause initial movement of water which varies with the concentra- 
tion of the solution and when plotted follows an approximately linear 
course (chart 1). A solution of sucrose approximately 0.36 molar has 
heen in water equilibrium ~ ith the tissue, and water has been drawn 
from it by stronger solutions. Water exchange of corium in solutions of 
irea, which has small molecular weight, is highly diffusible and is in 





Per srlepudinetiatnintstitiainhinpiipainbes 
Cortum in sodiwm chionde sols 
of 
wt 
| cssstila hecnilihsiahiatincindeditmeaglibnaiiadl 
——e_— 

Corium m potassium chioride sols 


EE Eee $4 





Corum in sucrose 


nici eae sols 





orm m ured 


a eae a Se 4 
m O!1 O02 O03 O04 O05 O06 OF O8 29 10 





adhe 4. 





Chart 1.-—Initial changes in per cent of weight of corium of the skin when 
immersed (@) in solutions of sodium chloride varying in concentration from 6.1 
to 0.6 molar; (b) in solutions of potassium chloride, from 0.1 to 1.0 molar; (c) 
in solutions of sucrose, from 0.1 to 0.75 molar, and (d) in solutions of urea, from 
0.1 to 1.0 molar. The period of immersion was 10 minutes 


some degree subject to electrolytic dissociation, resembles that in 
solutions of sodium and of potassium chloride (chart 1). 


MOVEMENT OF WATER IN TENDINOUS FASCIA REMOVED FROM THE BODY 

Che powerful thoracic and lumbar muscles of the back of the rat 
are covered by a conspicuous widespread tendinous fascia by which they 
are attached to the bones of the vertebral column. With a sharp knife, 
this fascia can be separated from the underlying muscle. It has been 
divided into pieces of suitable size and weighed before and after immersion 
in solutions of sodium chloride. Like corium, it has taken up water in 
solutions varying from 0.1 to 0.75 molar (chart 2), and the proportional 


quantity of water taken in has been considerably greater than that with 
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corium. Intake of water after immersion of this fascia in sucrose 
solutions is much less than in sodium chloride and, though it diminishes 
with increasing concentration of the sucrose solution, does not reach 
isotonicity within the range of concentrations used. 

The changes which occur when striated muscle is immersed in 
distilled water differ conspicuously from those of other tissues under the 
same conditions and will be described. They are dependent on certain 
physical properties of excised muscle but obviously have little resemblance 
to water exchange within the living body. 

Swelling of muscle in water has been described by Fischer * and 


Meigs.* The tissue takes up water very rapidly during the first half- 


hour of immersion and then loses water with almost equal rapidity ; 
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Chart 2.—Initial changes in the per cent of weight of tendinous fascia (a) in 
solutions of sodium chloride and (>) in sucrose solutions varying in concentration 
from 0.1 to 0.75 molar. The period of immersion was 10 minutes 


later the weight increases. When frog’s muscle was immersed in 
solutions of sodium chloride, Adolph* found that in an initial period 
the intake of water was proportional to the square root of the time of 
immersion, and Parry* observed the same relation when he studied 
mammalian muscle. Buglia® immersed striated muscle of the frog in 
solutions of sodium chloride and found that it was isotonic with a 
solution 0.125 molar. 


Fischer, M. H.: Arch. f. d. ges. Physiol. 124:69, 
Meigs, F. B.: Am. J. Physiol. 26:191, 1910. 
Adolph, E. F Am. J. Physiol. 96:569, 1931 
Parry, A. A.: J. Cell, & Comp. Physiol. 8:277, 
tuglia, G.: Arch. internat. physiol. 8:273, 1909 
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WATER PENETRATION INTO STRIATED MUSCLE IMMERSED IN DISTILLED 
WATER, RINGER'S SOLUTION OR BLOOD SERUM 


The changes which occur when striated muscle is immersed in water 
differ from those of other tissues under similar conditions. The latter’s 
intake of water causes gradual increase of weight, and a maximum is 
reached after one or two hours. Following immersion of slices of striated 
muscle from the rectus or the psoas muscle (chart 3), there is rapid 
increase of weight which may reach a maximum five minutes after 
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Chart 3.—Upper graph shows changes in the per cent of weight of slices of 
striated muscle of rectus, psoas and pectoral muscles in water during two hours 
Lower graph shows changes in the per cent of weight of slices of rectus muscle in 
water, in Ringer’s solution and in blood serum of rat 


immersion. This peak increase of weight is followed by a precipitate 
fall but later, after one half to one hour, the weight increases slowly. 


Muscle takes up water in isotonic sodium chloride solution (approxi- 


mately 0.15 molar), Ringer’s solution (charts 3 and 4), which represents 


the molecular concentration of the electrolytes in blood plasma, and in 
blood serum of the rat (chart 3). In these solutions there is no peak 
increase of weight within the first few minutes after immersion as in 


water but a gradual increase which reaches a maximum after one or two 
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hours. In blood serum the muscle takes in less water than in Ringer's 
solution; the difference is presumably referable to the protein content 
of the serum. 


MOVEMENT OF WATER IN STRIATED MUSCLE REMOVED FROM THE BODY 


When striated muscle, as for example rectus, psoas or pectoralis 
major, is immersed in solutions of sodium chloride of increasing con- 
centration (chart 5) water exchange is not approximately proportional, 
as with liver and kidney,’ to the concentration of the solution, with 
isotonicity at one level and loss of water in stronger solutions, but 
resembles that of corium or aorta, with intake of water even in very 
strong solutions (0.6 molar). In some, but not in all, instances (see 
charts 5 and 6) water intake diminishes as the concentration increases 

















Minutes 


Chart 4.—Changes in the per cent of weight of slices (a) of striated muscle in 
water and in Ringer's solution and (b) of heart muscle in water and in Ringer's 
solution. 


to 0.3 or 0.4 molar, and then reaches a higher level with stronger solu- 
tions. Water intake of striated muscle in solutions of potassium 


chloride (chart 6) closely resembles that in sodium chloride, being in 


both dependent on molecular concentration. 

Water exchange of striated muscle in solutions of sucrose is like 
that of corium and when plotted (chart 6) pursues a linear course in 
relation to concentration. Muscle has drawn water from the strongest 
solutions of sodium chloride that have been used, but with increased 
concentration of sucrose water intake diminishes and equilibrium occurs 
at some level between 0.4 and 0.5 molar. 

In a few instances water intake of striated muscle has followed the 
usual course of osmosis and has decreased with increasing concentration 
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Chart 5.—(a) Four graphs show initial changes in the per cent of weight of 
slices of adult striated muscle in solutions of sodium chloride, varying from 0.1 
to 0.6 molar. The period of immersion was 15 minutes. (5) Two graphs show 
initial changes in the per cent of weight of slices of striated muscle from two 
very young rats, the period of immersion being 10 minutes c) Three graphs 
show initial changes of weight of slices of heart muscle after 10 minutes of 


immersions 
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until equilibrium has been reached or water withdrawn. Some whole 
small muscles suitable for immersion and weighing have lost water in 
solutions of relatively high concentration and have evidently been isotoni 
with less concentrated solutions. A part of the pectoralis minor muscle, 
designated by Greene *® as the third portion, is readily tsolated and is 
free from tendinous strands, whereas the tibialis posterior, also readily 
isolated, is tough and conspicuously tendinous. These muscles from four 


animals have been carefully isolated and immersed in solutions of 
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Chart 6.—The initial change of weight of striated muscle (a) in solutions of 
sodium chloride varying in concentration from 0.1 to 0.5 molar; (6) in solutions 
of sucrose; (c) in solutions of potassium chloride, 0.1 to 1.0 molar, and (d) in 
solutions of urea 


sodium chloride (chart 7). The tibialis posterior has taken up water 
from all solutions, varying in concentration from 0.15 to 0.6 molar, but 
the pectoralis minor in two instances lost water in solutions 0.5 and 0.6 
molar and presumably tends to reach equilibrium in solutions of some 
what lower concentration. Diaphragm (chart 8) cut into small pieces, 


10. Greene, E. (€ Anatomy of the Rat, in Transactions of the American 


Philosophical Society, Philadelphia, University of Pennsylvania Press, 1935, vol. 27 
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weighing approximately 100 mg., has lost water in the higher concentra- 
tions of sodium chloride that have been used and is isotonic with 
solutions between 0.2 and 0.3 molar; whereas in sucrose it has similarly 
lost water in strong solutions and has been isotonic with solutions 
between 0.3 and 0.4 molar. 
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Chart 7.—Initial changes in the per cent of weight of whole muscle immersed 
in solutions of sodium chloride: (a) posterior tibial muscles from four animals ; 
(b) third parts of pectoralis minor muscles from four animals. The time of 
immersion was 10 minutes. 
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Chart 8.—Initial changes in the per cent of weight of segments of the muscula 


part of the diaphragm (a) in solutions of sodium chloride and (>) in solutions of 
sucrose The time of immersion was 10 minutes 


In two instances slices of rectus muscles of very young rats, 7 
and 10 days old, have been immersed in solutions of sodium chloride 
(chart 5). Water intake of one of them has diminished with increasing 
concentration until equilibrium has been established at a level represent- 
ing 0.36 molar sodium chloride 
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MOVEMENT OF WATER IN HEART MUSCLE REMOVED FROM THE BODY 

Heart muscle immersed in water (chart 4) has not taken it up with 
the rapidity observed when striated muscle has been similarly placed, 
but weight of immersed slices has gradually increased and reached a 
maximum after two to three hours. In Ringer’s solution (chart 4) 
heart muscle has taken up water, but the proportional increase of weight 
has been much less than with striated muscle. In solutions of sodium 
chloride water intake of heart muscle (chart 5) has decreased with 
increasing concentration and, unlike striated muscle, tends to reach 
isotoni in concentrations greater than 0.3 molar. 
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Chart 9.—Initial changes in per cent of weight of tissue of uterus. Tissue from 
two animals (a) in solutions of sodium chloride and (>) in solutions of sucrose 
The time of immersion was 10 minutes. 


MOVEMENT OF WATER IN TISSUE OF THE UTERUS REMOVED 
FROM THE BODY 

Uterus has been prepared for immersion in fluids preferably by 
opening the lumens of the two horns, drying the mucous surface with 
cotton gauze and dividing into pieces of appropriate size. Chart 9 
shows the results of its immerson in solutions of sodium chloride and of 
sucrose. In both solutions intake of water is scant and when plotted 
follows an approximately linear course, with isotonicity varying con- 
siderably. The uteri of two animals weighing more than 200 Gm. 
have taken up water when immersed in sodium chloride solutions in 
greater proportional quantity, and water intake has not diminished in 
high concentrations. 
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MOVEMENT OF WATER IN NERVE TRUNKS REMOVED FROM THE BODY 


Water intake of large nerve trunks, namely, anterior crural and 
sciatic nerves, has been compared with that of muscle because these 
nerves consist of nerve fibrils within a framework of connective tissue 
The pieces used have been small, and the results are only approximately 


correct In sodium chloride (chart 10) water intake has been con- 


spicuous in all concentrations up to 0.75 molar, whereas in sucrose it has 


decreased with concentrations greater than 0.4 molar The water 
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Chart 10.—Initial changes in the per cent of weight of pieces of nerve 
trunks immersed (a) in solutions of sodium chloride and (/) in solutions of sucrose 
, 


time of immersion was 10 minutes 


exchange has resembled that of muscle, but its relation to nerve fibers 


ind connective tissue framework is not evident. 


RECAPITULATION AND COMMENT 


lhe water exchange which immediately follows the immersion of liver 
or kidney tissue in solutions of sodium chloride, used as a measure of 
varies with the concentration of the solution and is like that 


OSTNOSIS 


which occurs when water passes through a semipermeable membrane 
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The molecular concentration within the cells of these organs is indicated 
by their isotonicity with solutions of sodium chloride and is approxi- 
mately twice that of a solution isotonic with blood plasma. The water 
exchange of dense fibrous tissue, such as that of the corium of the skin, 
is not proportional to the concentration of the solutions of sodium 
chloride in which it is immersed, and the tissue is like yelatin, which 
under certain conditions, as Kunitz"! found, swells as the result of 
water intake in both weak and strong solutions of the electrolyte. 

The attempt was made to obtain more information about the water 
exchange of fibrous tissue and, later, of muscle tissue. It soon became 
evident that movement of water within striated muscle immersed in 
solutions of sodium or of potassium chloride did not, as with liver and 
kidney, resemble osmotic interchange through a semipermeable mem- 
brane but, in most instances, was like that of the corium or of the 
aortic wall. The water intake of the tendinous fascia of striated muscle 
was found to be the same as that of other dense fibrous tissues. Corium 
of the skin takes up water from solutions of sodium or of potassium 
chloride, varying from 0.1 to 0.75 molar. When it is immersed in solu- 
tions of a nonelectrolyte of large molecular size, namely, sucrose, its 
intake of water is much less and diminishes with increasing concentration. 


Water intake of tendinous fascia in solutions of sucrose is similarly 


reduced. Solutions of urea, on the contrary, have increased water intake 
above that with sodium chloride. 

The water intake of powerful muscles, including rectus, psoas and 
pectoralis major muscles, in sodium chloride solutions closely resembles 
that of corium or of isolated tendinous fascia, but there is often diminu- 
tion of swelling in solutions from 0.1 to 0.3 or 0.4 molar and there is 
increase in stronger solutions. Nevertheless, in some instances the 
water intake more closely resembles the usual course of osmosis and 
has diminished continuously with increasing concentration of solutions 
The water exchange of two small muscles that can be isolated and 
weighed has been compared; the tibialis posterior, penetrated by con 
spicuous tendinous strands, has taken up water from stronger solutions, 
but the third part of the pectoralis minor, consisting of soft muscle 
bundles, has lost water in strong solutions. The intake of segments of 
diaphragm when plotted is in approximately linear relation to the con- 
centration of sodium chloride, with isotonicity between 0.3 and 0.4 molar 
Water exchange of the rectus muscle of a rat 7 days old, unlike that of 
adult animals, has proceeded in accord with the usual course of osmosis. 

Movement of water within adult striated muscle is evidently depend- 
ent on two factors: (1) osmotic interchange of muscle cells and (2) 


hydration with swelling of interstitial tissue, represented in the more 


Kunitz, M.: J. Gen. Physiol. 12:289, 1928. 
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powerful muscles by tendinous fascia. In solutions of sucrose, osmotic 
interchange occurs, but hydration of interstitial tissue is much diminished. 

\ peculiar character of striated muscle is revealed under conditions 
that have little resemblance to any present during life, that is, immersion 
in distilled water. Liver, kidney, pancreas and adrenal gland in water * 
gradually increase in weight, reach a maximum after one or two hours 
and then lose weight. Heart muscle follows the same course. In 
contrast with these changes, adult striated muscle of the rectus, psoas or 


pectoralis major type, increases in weight with great rapidity, reaches 


a peak within five minutes, falls precipitately and later, after one-half 
to one hour, slowly increases in weight. In Ringer’s solution or in blood 
serum no rapid swelling occurs, but weight increases gradually. No 
explanation of this srdden intake of water is evident 


CONCLUSIONS 


When dense fibrous tissue like that of corium of the skin, wall of the 
aorta or tendinous fascia of muscle is immersed in solutions of sodium 
chloride, it swells by hydration; it takes up water in both weak and 
strong solutions of sodium chloride, in Ringer’s solution and in blood 
serum 

In striated muscle under the same conditions movement of water 
occurs (1) by hydration of the fascial framework and (2) by osmotic 
interchange between muscle fibers and the surrounding fluid. 

Interchange of water in heart muscle and in smooth muscle of the 
uterus similarly immersed is, under usual conditions, chiefly by osmosis 

The water of interstitial tissue is normally in such relation to 
colloids that it is not freely movable in tissue spaces. 





CANCER AND AGING 
A Survey of the Autopsy Records of a Municipal Hospital Over a Fifteen Year Poriod 
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HE DIFFICULTIES and errors inherent in the statistical study of 

human tumors have been thoroughly discussed by Willis. They 
have as their main roots the degree of accuracy of diagnosis and the 
degree to which the sample is adequate both as to numbers and repre- 
sentation. According to Willis, the accuracy of diagnosis may be 
graded on the basis of the methods used in making the diagnoses, the 
greatest accuracy being reached by autopsy with histological confirmation. 
Ideally, as may obtain in longevity experiments with animals, post- 
mortem examination of all individuals should be made. Practically, it 
has not been possible except in extremely rare instances to approach 
this degree of representation in a human community. However, patients 
in a large municipal hospital will be subject to a lesser degree of selec- 
tion than those in a private or a specialized hospital, and those who die 
there are thus most nearly representative of the mortality of the com- 
munity. The degree of representation will then depend on the percentage 
coming to autopsy. 

We have made a survey of the autopsy records of 12,443 white 
persons coming to autopsy in the municipal and state hospitals in 
St. Louis * during the past 15 years with the purpose of obtaining infor- 
mation on the following questions. 


This work was aided by an Institutional Grant from the American Cancer 
Society to the Washington University School of Medicine. 


From the Snodgras Laboratory of the St. Louis City Hospital Division and 
the Department of Pathology, Washington University School of Medicine. 

1. Willis, R. A.: Pathology of Tumors, St. Louis, C. V. Mosby Ccmpany, 
1948. 

2. St. Louis City Hospital, general municipal, white, 1,125 beds; St. Louis 
State Hospital, mental diseases, 3,400 beds; City Infirmary Hospital, chronic dis- 
eases, 1,475 beds, St. Louis; Robert Koch Hospital, tuberculosis, 650 beds, Koch, 
Mo.; St. Louis State Training School, mental defectives, 400 beds. 
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1. What is the autopsy incidence of cancers in a municipal hospital ? 
Is it changing in recent years ? 

2. What are the most common types of cancers found at autopsy? 
Is the incidence of certain types of cancers changing in recent years? 

3. Does the total frequency of cancers found at autopsy increase 
directly and indefinitely as a function of age? 

+. Do certain types of cancers found at autopsy have a characteristic 
age incidence ? 


5. What is the frequency of multiple primary tumors in relation to 


age 


Taste | tge and Sex Distribution of White Persons Coming to Autopsy Betweer 
July 4, 1935 and July 4, 1950 Whose Cases Were Surveyed in This Study 
with the Incidence of Cancers in Each Age Group 


Persons Males Females 
Persons in Males in Females in with Cancer with Cancer with Cancer 
tiroup (iroup tiroup in Group in Group in t;roup 
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Of all persons coming to autopsy (ree foot of eclumn 2) 
+ Of all males coming to autopey (see foot of column 4) 

Of all females coming to autopsy (see foot of column 
$f all persons in the age group (see column 2) 

()f all males in the age group (see column 4 
* Of all females in the age group (ree column 6) 


COMPOSITION OF THE GROUP 
\ total of 12,443 white patients, ranging in age from prematurity to 
a stated 105 years, were examined post mortem from July 4, 1935 
to July 4, 1950. As shown in table 1, 2,322 of these bore cancerous 


tumors. In &5 patients there were two or more cancers, three being 


present in two persons. Thus a total of 2409 cancers were encountered 


lhe primary site could not be determined with certainty in 70 patients, 
or 3 per cent of those with cancers. None of these was classified as 
multiple, and in most of the persons examimed the regional site was 
evident, although the organ or tissue of origin might be obscure 

These 12,443 patients constituted nearly one half of those who died, 


excluding those whose deaths were accidental or felonious and those 
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who died within less than 24 hours after receiving medical attention 
The latter groups came under the jurisdiction of the city coroner, and 
approximately 30 per cent of deaths in the general municipal hospital 
were necessarily referred to him. Of the cases without medicolegal 
interest, on which this survey is based, permission to make an autopsy 
was solicited in all, irrespective of clinical interest; and the autopsy 
percentage at the general hospital has been kept at about 50 per cent in 
each of the last 15 years. If greater effort was made to secure permission 
in cases presenting a confusing clinical picture, this involuntary selection 
was not biased in favor of cases of cancer generally, or of any type of 
cancer in particular. 

\s a control for the adequacy of the sample, the age distribution of 
all white decendents of this community in the last 15 years, compiled by 
the Vital Statistics Bureau of the St. Louis Division of Health, was 
compared with that of the cases here surveyed. The comparison is 
shown in chart 1, and it is apparent that the age distribution of the 
cases surveyed (12,443) closely paralleled that of the total reported 
mortality of the community (135,724). Slightly more than 9 per cent 
of white persons dying in the community were thus included in the 
survey 

In two respects the cases surveyed might appear to have been 
weighted in favor of cancers. The exclusion of cases subject to legal 
inquiry because of short illness probably removed a greater number of 
persons who died suddenly of cerebrovascular or cardiac disease than 
of persons who died with cancer, because the latter tends to run a more 
chronic course. Because indigence is unfortunately common in the old, 
there is a preponderance of elderly persons in municipal hospitals or 
municipal custody, and cancer is an important disease of old age 
However, it is probable that such factors of selection would act evenly 
over the period of time covered by the survey 

In order to list comparative data, the series was divided into three 
five year periods wherever practicable. Patients of the Negro race, 
684, were omitted in order to include them in a comparable report at 
a later time 


DIAGNOSTIC CRITERIA 


In all cases of this survey, microscopic sections were prepared and 
studied. Types of disease regarded as cancerous included not only the 
accepted varieties of carcinomas and sarcomas but also Hodgkin's 
disease, leukemias and brain tumors. Salivary gland tumors were 
recorded only if invasion or metastasis had occurred. Tumors found 
incidental to autopsy, if satisfying the criteria of cancer, were included, 
although they might not have contributed to the death of the patient 


On the other hand, lesions of equivocal nature, such as preinvasive 
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carcinoma of the cervix uteri, simple papilloma of the urinary bladder 
and small carcinoma-like foci of the prostate without demonstrable 
invasion, wer excluded. If the latter group had been added, there 
would have been many more cases of carcinoma of the prostate, and 
the number of patients with multiple cancers would have been greatly 
increased. Those patients who died free of discoverable tumor, but who 
had been treated surgically for a tumor proved to be a cancer (other 
than of the skin) were included in the survey. Microscopic sections of 
the surgical specimen were reviewed in each case. It may be said without 
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Chart 1.—Age distribution of 12,443 autopsies inthe municipal and state hospitals 
of St. Louis (solid line) compared with age distribution of 135,724 white persons 
dying in the community (interrupted line) over the same period of 15 years. 


undue pessimism that the inclusion of such cases did not materially alter 
the statistics of tumor incidence. The tabulations are least reliable where 
tumors of the skin are concerned, as their curability rate is high and 
the history frequently inadequate. 


METHODS OF ANALYSIS 


The necessary data of each autopsy were placed on individual punch 
‘ards, and these were sorted mechanically by the machine records 
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department of Washington University. The distribution of the cases in 
each five year period according to age (in decades) and sex, and the 
number of cancers of each type or organ of origin, including multiple 
cancers, with their distribution according to age and sex of the host, 
were thus determined. These assembled data formed the basis of the 
tabular and graphic analyses. The accuracy of the mechanical sorting 
was indicated by the almost complete absence of record of inconsistencies 


RESULTS 

1. The autopsy incidence of cancers in a municipal hospital over a 
15 year period, 

In table 1 are shown the distribution of the patients coming to 
autopsy according to age and sex, and the incidence of cancers in each 
age group according to sex. It will be noted that nearly one fifth (18.7 
per cent) of all patients coming to autopsy in the present series, regard- 
less of age, bore cancers, and that the total frequency was slightly 
higher in men than in women. 

The frequency of cancers in each of the five year periods surveyed is 
shown in table 2. There was a consistent increase in total frequency 
from 16.8 per cent in 1935-1940 to 20.6 per cent in 1945-1950, In 
table 2 it can also be seen that there was a progressive shift in distri- 
bution of patients in the direction of the older age group. That the 


increase in frequency was not purely dependent on the increasing age 
of the group surveyed is indicated by the almost uniform increase in 
tumor incidence within each age group of both sexes. It is, moreover, 
improbable that progressive accuracy of postmortem examination could 
have accounted for all of the increase. 


2. The autopsy incidence of the most common types of cancers in a 


municipal hospital over a 15 year period. 

In table 3 is a list of the 25 most common primary cancers or sites 
of origin arranged according to frequency in the total series of autopsies. 
with comparative figures for each five year period. The incidence of the 
10 most common sites of cancers is calculated in per cent of the corre- 
sponding number of patients examined, irrespective of age or sex, and the 
order of frequency is indicated numerically for each five year period 
Relative increases in frequency are indicated by decreased values of the 
ordinal numbers in successive five year periods, and, conversely, decreases 
are shown by increased values of the ordinals. The cancers, or sites of 
origin, which occurred in a frequency too low to merit tabulation included 
myeloma (17 cases), Hodgkin’s disease (15 cases), adrenal gland (14 
cases), lip (11 cases), pleura or peritoneum (10 cases), small intestine 
(9 cases), thyroid gland (9 cases), nasal passages and sinuses (9 cases), 
melanoma (8 cases), female external genitalia (8 cases) and penis (8 
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cases). There were five or less examples of cancers of the following 
sites: anus, carotid body, iacrimal gland, pituitary gland, salivary gland, 
skeletal system, testis, trachea, ureter, urethra and vagina. 


Taste 2A (First Five Year Period)—Age and Sex Distribution of White Persons 
Coming to Autopsy Between July 4, 1935 and July 4, 1940 Whose Cases 
Were Surveyed in This Study, With the Incidence of Cancers in 
Each Age Group* 


Persons Males Females 

Persons Males Females with Cancer with Cancer with Cancer 

io Group in Group in Group in Group in Group in Group 
A " ‘ A a” 


“nN 
No. % 
(s) (9) 
5 10 
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51 
rei 
14.6 
876 


re 
0-0 145 


ow 5 
Total 4,663 


* The key to the percentages given for table 1 also applies to table 2 


ante 2B (Second Five Year Period).—Age and Sex Distribution of White 
Persons Coming to Autopsy Between July 4, 1940 and July 4, 
1945 Whose Cases Were Surveyed in This Study, with 
the Incidence of Cancers in Each Age Group 


Persons Males Females 
Persons Males Females with Cancer with Cancer with Cancer 
in Group in Group in Group in Group in Group in Group 
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Of the 70 cancers whose primary site was not determined, most 
had a regional distribution but with extensive involvement of several 


organs, such as stomach, liver and pancreas, the pelvic organs or 


lymph nodes and adjacent structures of the neck. The progressive 


increase in frequency of this diagnosis over the 15 year period may 


indicate a greater reluctance to assign arbitrarily the site of origin in 
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Taste 2C (Third Five Year Period).—Age and Sex Distribution of White Persons 
Coming to Autopsy Between July 4, 1945 and July 4, 1950 Whose Cases 
Were Surveyed in This Study, with Incidence of Cancers m 
Each Age Group 


Persons Mates Females 
Persons Males Females with Cancer with Cancer with Cancer 
in Group in Group in Group in Group in Group in Group 
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Taste 3—The Twenty-Five Most Common Primary Cancers in Order of Frequency 
in the Autopsy Series 
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obscure cases, or a greater effectiveness of supportive therapy, permitting 
more patients with cancers to live until the primary site became over- 
grown. The twofold increase in cases of this type over the 15 year 
period must be taken into consideration in evaluating increases or 
decreases in frequencies of specific neoplasms. 

Cancers of the large intestine (carcinomas) were the most common 
in each five year period surveyed. In this analysis, carcinomas of the 
rectum and sigmoid colon were included with those of the rest of the 
large intestine, since these were of similar appearance and since the exact 
location of the tumor was occasionally difficult to determine. A slight 
but consistent increase in total frequency was found in successive five 
year periods. There was not, however, a consistent increase in frequency 
within comparable age groups in succeeding periods, as shown in table 4 


Taste 4.—Frequency of Cancer of the Large Intestine in Relation to Age and Sex in Successive 
Five Year Periods 


1935-1940 Period 1940-1045 Period 1045-1950 Period 1933-1950 Total 
< ‘a he Mee A oa 
Age Females Males Females Males Males Female- 
(iroup, a A - A, _ “weet 
Yr . > No. } N % N y No % No X 
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2.9 3.1 7 3.8 
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It is suggested, therefore, that the observed increase in frequency 
intestinal cancer of the 15 year period is related to the increasing age 
the patients examined, since intestinal cancer has a higher incidence 
the older age groups 





Carcinoma of the lung, the second most common cancer, occurred 
5.7 times more often in males than in females.. There was a progressive 
increase in frequency in the three five year periods surveyed, and, as 
shown in table 5, there was an almost consistent increase within each age 
group in the successive five year periods. In both males and females the 
greatest frequency was found in the sixth decade, and no case was 
observed in the 82 persons of the survey dying after the age of 90 years 
It is improbable that improvements in postmortem diagnosis over 15 
years could have produced the increase, for cancer of the lung seldom 
presented a difficult problem at postmortem examination. These data 
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thus support other observations * that the frequency of carcinoma of the 
lung has increased independently of the aging of the population. The 
sex ratio in our series was much lower than that reported by Wynder * 
at Barnes Hospital, St. Louis, where it was 18 to 1 in favor of the male 
Factors influencing the selection of patients at a private hospital may 
help to account for this difference. 

Carcinoma of the stomach was the third most common of the cancers 
found, and the frequency remained about the same in each five year 
period, despite the advancing age of the patients examined. Moreover, 
it dropped from second to fourth position in the successive five year 
periods, having been exceeded in frequency by cancers of the lung and 
the prostate. Steiner * found that gastric cancer was the most common 


Taste 5.—Frequency of Cancer of the Lung in Relation to Age and Sex in Successive 
Five Year Periods 
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malignant tumor in Caucasoids of Los Angeles County examined post 
mortem in the period 1918 to 1947, and that the peak incidence occurred 
at an earlier age than in our series. It is possible that comparative data 
adjusted to the 15 year period of our survey would have shown a closer 
correlation with our observations. On the other hand, geographic factors 





may have been responsible for the difference in incidence of gastric 
cancer in the two areas surveyed. Some of our cases in which the 
primary site was undetermined may have been of gastric origin, but 
their total number could not have brought the incidence of gastric cancer 
in our series to the level reported by Steiner, and could not have altered 
the relative decrease in numerical order of gastric tumors 


3. Ackerman, L. V., and del Regato, J. A.: Cancer: Diagnosis, Treatment, 
and Prognosis, St. Louis, C. V. Mosby Company, 1947. 

4. Wynder, E. I Washington Univ. M. Alumni Quart. 13:159-161, 1950 

5. Steiner, P. E.: J. Nat. Cancer Inst. 10:429-437, 1949 
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Carcinoma of the prostate showed an abrupt rise in incidence in the 


last five year period, both relative and absolute, and within comparable 


age groups, as shown in table 6. The observed rise in the last period of 
the survey may in part have been due to more thorough routine examina 
tion of the prostate post mortem, stimulated by the reports of Rich ° and 
Moore ' on the frequency of small prostatic carcinomas. The possibility 
that this tumor was increasing in true frequency is by no means excluded 

Carcinoma of the cervix uteri was the most common cancer of women 
It occurred in 131 patients, or 2.8 per cent of the female patients 
examined, and constituted 15.3 per cent of cancers in patients of this sex 
\lthough this frequency is lower than that reported by Pack and 
LeFevre * for the Memorial Hospital for the Treatment of Cancer and 


Taste 6.—Frequency of Cancer of the Prostate in Relation to Age in Successit 
Five Year Periods 


140 Period MO-1%5 Period, 45-1990 Period, 
(eases Cases (ases 


\llied Diseases, New York, the differences between a municipal and a 
specialized hospital must be considered. A cancer hospital is more likely 
to receive patients in whom the diagnosis can be more readily made than 
in the case of internal cancers. As shown im table 7, there was a nearly 
consistent increase in frequency within each comparable age group in the 
three five year periods, and the greatest frequency was in the fifth decade 
of life. It is difficult to explain the observed increase over the past 15 
vears of a cancer that is relatively easy to recognize, unless it ts due to a 
true rise in incidence of the neoplasm. The suggestion is offered that 
the municipal hospitals may be assuming a greater place in the treatment 


or terminal care of patients with cancer of the cervix. 
6. Rich, A. R 1. Urol, 33:215-223, 1935 
7. Moore, R. A }. Urol. 33:224-234, 1935 
8. Pack, G. T., and LeFevre, R. G 1. Cancer Research 14: 167-294, 1930 
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Carcinoma of the breast was the third most common cancer found in 
women, having been exceeded in frequency by those of the cervix and the 
large intestine. The incidence was 2.4 per cent in patients of this sex 
and 13.2 per cent of all cancers in women of the series were of the breast. 
lhe frequency was slightly higher in the second and third five year 
periods of the survey than in the first. Differences in relative and 


absolute frequency of breast cancer in our series as compared with those 


cited by Ackerman and del Regato * are perhaps dependent on differences 
in composition of the groups analyzed. 

Of the remaining types, or sites of origin, of cancers, it is desirable 
only to point out that some appeared to have increased in frequency 
while others remained constant or decreased in the 15 year period covered 
in this survey. Increases are suggested in the frequencies of pancreatic 


Taste 7.—Frequency of Cancer of the Cervix im Relation to Age m Successwe 
Fwe ) eur Pertods 


1985-10 Perlod, 1940-15 Period, 1645-1980 Period, 
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ovarian, renal and uterine cancers; whereas cancers of the urinary 
bladder and the esophagus were noted less frequently in successive five 
year periods 

3. The frequency of malignant neoplastic disease found at autopsy in 
relation to age 

In table 1 it may be seen that the frequency of all cancers of our 
series increased with advancing age into the seventh decade. Beyond that 
age there was in both sexes a decrease in incidence of cancers except in the 
oldest age group of males. In males 90 or more years of age four of the 11] 
neoplasms were of the prostate. It may be concluded from these data 
that, with the exception of cancer of the prostate, the incidence of 
malignant neoplastic disease does not increase directly and indefinitely 
as a function of age, and that after the seventh decade of life there is 


perhaps a lessened chance of bearing a cancer. However. our evidence 
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would not support the statement that if a person lived long enough he 
would not have a cancer. Although some types of cancerous lesions, such 
as carcinoma of the lung or of the cervix, appeared to be limited in their 
incidence to a certain range of age, some others ascended in frequency 
beyond such limits. 


+. The age incidence of certain types of cancers found at autopsy. 


In chart 2 the rates of incidence of the six most common types of 
cancers (large intestine, lung, stomach, breast, cervix and prostate) in 
relation to age and sex are shown graphically. It will be noted that each 
of the six types of cancer exhibited a characteristic curve of incidence in 
the patients of this survey. These data are mostly in agreement with the 
many observations cited by Ackerman and del Regato,* Moore® and 
Willis * as to the period of life in which each tumor occurs in greatest 
frequency. In the case of cancers of the breast, it may be of interest that 
two peaks of incidence were noted, one before and one after the age of 
the menopause. It is beyond the scope of this report to discuss the fac- 
tors which may govern the age of greatest incidence of different cancers,’ 
but the close agreement found between our data and those of others in 
respect to age incidence attests to the adequacy of the sample of popula- 
tion surveyed. 

Although the number of cancers found in young persons of this 
survey was too small for tabular analysis, the types were those which 
are known to be the most common in the early period of life. For 
example, five of eight cancerous growths in children up to 10 years of 
age were leukemias; the others were lymphosarcoma and tumors of the 
brain and the adrenal gland. In patients of the second decade of life 
there were three examples of soft tissue sarcoma, two of Hodgkin’s 
disease and one each of leukemia, osteogenic sarcoma and tumors of the 
adrenal gland, the brain, the kidney and the ovary. In the third decade 
f life the most common cancers were leukemias, and those of the brain, 
the cervix and the testis 

5. The frequency of multiple primary cancers tn relation to age 

In our series 85 persons, or 3.7 per cent of those with cancers, bore 
wo or more such primary lesions. In the total series of patients whose 

ses were surveyed the incidence was 0.68 per cent. The criteria of 
multiple cancer were essentially those of Warren and Gates," who 
reported 40 instances in 1,078 cancer autopsies, or an identical frequency 
if 3.7 per cent. In view of their conclusion based on a statistical analysis 


Moore, R. A Texthook of Pathology: Pathologic Anatomy in Its Relation 
» the Causes, Pathogenesis, and Clinical Manifestations of Disease, Philadelphia 
W. B. Saunders Company, 1944. 
10. Loeb, I Biol. Symposia 11: 197-216, 1945 
11. Warren, S., and Gates, O Am. J. Cancer 16:1358-1414, 1932 
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of a smaller series than that reported here, it appears that multiple 
cancers occurred more frequently in our series than could be explained 
on a basis of chance. 





a - - = “ . ~ =~ ee 


Chart 2.—Graphs of incidence of the six most common sites of primary cancers 
in males (solid lines) and females (interrupted lines) of the total autopsy series 
in relation to age. 


The frequency of multiple primary cancers in relation to age and sex 


in the total autopsy series and in cancer autopsies is shown in table 8 
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It may be seen that there was a progressive increase in frequency with 
advancing age in both males and females, regardless of whether the 
frequency was based on all autopsies or on cancer autopsies only. In 
the 82 patients who died at 90 or more years of age, no instance of 
multiple primary cancer was noted. As the number of these patients was 
relatively small, the, last two decades of age were combined in the 
tabulations. Nevertheless, it may be of significance that Warren and 
Gates "' did not record a case of multiple cancer past the age of 89 years; 
and in their own series, the oldest patients were 79 years of age. It 
cannot be stated, therefore, from the data available, that the frequency 
of multiple primary cancers increases indefinitely as a function of age. 
Multiple primary cancers were found in 53 male and 32 female 
patients. Both examples of triple cancerous growths occurred in male 


Taste 8.—Frequency of Multiple Cancers in the Total Autopsy Series and in 


Cancer-Bearing Patients m Relation to Age and Sex 
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patients, each aged 76 years. One of these had glioma, adenocarcinoma 
of the prostate and renal cell carcinoma, and the other bore adeno- 
carcinomas of stomach, colon and prostate. Carcinoma of the large 
intestine was one of the multiple cancers in 15 male patients, carcinoma 
of the prostate in 15, carcinoma of the lung in 13 and carcinoma of the 
stomach and of the kidney each in 9. The most frequent com 
binations were cancers of prostate and lung (four cases) and cancers of 
prostate and kidney (three cases). Carcinoma of the large intestine was 
one of the two cancers in 11 female patients, carcinoma of the breast in 11, 
carcinoma of the carcinoma of the cervix in four and 


ovary Im Six, 


carcinoma of the lung in three. The most frequent combinations were 
mammary and ovarian cancers (three cases), multiple cancers of the 
large intestine (three cases), cancers of the breast and the uterine cervix 
(two cases) and bilateral cancer of the breast (two cases). There was 
thus little evidence of more than chance association of the various types 


of cancers 
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SUMMARY AND CONCLUSIONS 


\ survey was made of the autopsy records of 12,443 white persons 
who died in the St. Louis municipal and state hospitals in the 15 year 
period from July 4, 1935 to July 4, 1950 in order to determine the 
incidence of cancers in relation to age in both sexes, and to observe any 
changes in incidence within the 15 year period. The age distribution of 
the cases surveyed closely paralleled that of the total reported mortality 
of the community, and about 9 per cent of deaths in the community were 
included in the survey. 

\ total of 2,322 patients, or nearly one fifth (187 per cent) of 
those examined, regardless of age, bore cancers. The incidence of 
cancers increased from 16.8 per cent to 20.6 per cent in the three five 
year periods surveyed, and the increase could not entirely be accounted 
for by an observed shift in the distribution of cases toward a more 
advanced age. It is concluded that cancer has increased slightly in 
incidence in St. Louis in the past 15 years. 


The most common types of cancers were, in order of frequency, 


carcinomas of the following organs: large intestine (including rectum), 
lung, stomach, prostate, cervix, breast, urinary bladder, esophagus, 
pancreas and brain. These 10 comprised 66 per cent of the 46 different 
types or sites of origin of cancers. Increases in actual frequency over 
the 15 year period were noted in the case of carcinomas of the lung, the 
prostate and the pancreas; whereas decreases occurred in those of the 
urinary bladder and the esophagus. The most conspicuous increase 
occurred in cancers of the lung. 

The incidence of all types of cancer increased with advancing age 
into the seventh decade of life. With the exception of elderly males, in 
whom the incidence of carcinoma of the prostate continued to increase, 
there was a decrease in incidence beyond this age. It is concluded that 
the incidence of total malignant neoplastic disease does not increase 
indefinitely as a function of age 

Each common type of cancer exhibited a characteristic pattern of 
incidence, and the ages of highest frequency were as follows: for car- 
cinomas of the large intestine, eighth decade; lung, sixth decade; 
stomach, eighth decade; prostate, tenth decade; cervix utery fifth 
decade; breast, seventh decade; urinary bladder, seventh decade; 
esophagus, seventh decade. It is concluded that factors governing the 
development of certain types of tumors may be independent of aging. 

The incidence of multiple primary cancers was 85 in 2,322 cancer- 
bearing patients, or 3.7 per cent. This incidence is in agreement with 
observations of others that multiple primary cancers occur more often 
than can be accounted for by chance. The frequency of multiple cancers 
increased with advancing age into the ninth decade of life. 











EFFECTS OF A HIGH FAT DIET ON THE 
JOINTS OF AGING MICE 


MARTIN SILBERBERG, M.D. 
AND 
RUTH SILBERBERG, M.D. 
ST. Lous 


N YOUNG MICE of strain C57 black reared on a diet containing 
30 per cent fat, skeletal growth and development were accelerated. 
Che hastening of growth processes was, however, associated with, or 
followed by, premature skeletal aging. The changes noted in the articular 
tissues were interpreted as early manifestations of degenerative joint 


disease.‘ The present report deals with observations extending over the 


life span of the mouse. The articular changes taking place under the 
influence of the high fat diet were studied and compared with those 
occurring spontaneously in mice receiving a stock diet containing 5 per 
cent fat 
MATERIAL” AND METHODS 

Two hundred and fifty male mice of the closely inbred strain 57 black, raised 
in our laboratory, were divided into two groups, littermates being equally distributed 
between the two groups whenever possible. The animals of the first group (control 
animals) were fed a commercial chow.? The animals of the second group (test 
animals) were, from the time of weaning, kept on a fat-enriched diet composed of 
the stock ration ground to a meal, with 25 per cent lard * added. Both diets were 
given ad libitum, with water available at all times. 


From the Snodgras Laboratory of Pathology, Hospital Division, City of St 
Louis, and the Department of Pathology, Washington University School of 
Medicine 

This investigation was supported by the American Cancer Society on recom- 
mendation of the Committee on Growth of the National Research Council, by a 
grant from the Committee on Scientific Research of the American Medical 
Association and by a research grant from the National Institutes of Health, United 
States Public Health Service. 

1. Silberberg, R., and Silberberg, M.: Am. J. Path. 26:113-132, 1950. 

2. This was the purina® laboratory chow known as ration B 2362, made by the 
Ralston Purina Company, St. Louis. 

3. The silverleaf brand, marketed by Swift & Company, was used. 
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The composition of the control and experimental diets was, as follows: 
Control Experimenta! 
Diet Diet 
Moisture, per cent... 8.90 6.7 
Protein, per cent 26.18 19.6 
Pat, per cent. odud ere > 2.0 
Fiber, per cent... paard J 3.5 
Ash, per cent....... P ‘ 49 
Nitrogen-free extract, per cent . 6.3 
Calcium, per cent... oe y 0.9 
Phosphorus, per cent : 07 
Magnesium, per cent 187 
Iron, parts per million... $27. 265.0 
Manganese, parts per million } 88.0 
Copper, parts per million. . ; 12.6 
Cobalt, parts per million on 
Potassium, per cent ° ‘ 0 68 
Carotene, parts per million... 5 50 
Thiamine, parts per million 12 a7 
Riboflavin, parts per million... 66 
Niacin, parts per million ‘ 5.46 02 
Vitamin D, U. 8 P., units per Gm 375 
Vitamin A, U. 8. P., unite per Gm 0 675 


The experimental diet was thus adequate in all respects. The protein content, 
19.6 per cent, is slightly below the minimum requirement, 20 per cent. However, 
this deficiency of 0.4 per cent should be amply made up by the increased utilization 
of protein observed in the presence in the ration of large amounts of fat.* 

The original plan was to sacrifice groups of 25 animals each at 9, 12, 15, 18 
and 24 months of age. However, some animals died prematurely or had to be 
killed because they appeared ill. In addition, with the high fat diet it was difficult 
to keep mice alive beyond the age of 18 months. Between the ages of 15 and 18 
months there often was a sudden loss of weight which continued for some time, so 
that the animals had to be killed at irregular intervals. This circumstance accounts 
for the comparatively large number of test animals in the group 13 to 18 months 
of age. Some animals which had died and whose tissues had undergone autolysis 
were eliminated. Altogether, the bones of 113 mice fed the regular diet and of 111 
mice fed the high fat diet were available for microscopic examination (table 2). 

At necropsy, the individual weight was taken, and pathological findings were 
recorded toth legs were removed as a whole, and diseased internal organs, as 
well as pieces of grossly unchanged tissues, were saved. The legs were freed from 
the soft tissues, and fixed and decalcified in Bouin's solution. Decalcification was 
accomplished within six to eight days with one change of fluid after three or four 
days. The bones were then split by a sagittal cut; one half of a leg was dehydrated 
in the usual manner and embedded in paraffin; another half to be stained for 
glycogen was dehydrated in dioxane and embedded in paraffin; still another half 
was kept in 4 per cent formaldehyde solution for other special stains—in particular, 


fat stains. As a routine, semiserial sections were stained with hematoxylin and eosin 


4. Morris, H. P.: J. Nat. Cancer Inst. $:115-141, 1944, 


5. Forbes, E. B.; Swift, R. W.; James, W. H.; Bratzler, J. W.. and Black, A 
J]. Nutrition 32:387-396, 1946. 
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GROSS OBSERVATIONS 


W eights.—-Throughout the second year of life the mean weights of 
the control animals were, on the whole, constant, varying from 31 to 33 
(am. ; from the end of the second year of life on, the weights declined 
steadily. The weight curve of the test animals roughly paralleled that of 
the controls, disclosing an over-all increase of about 5 Gm. (15 per cent) 
over the controls 

The peak seen in the curve of the test animals requires some com 
ment: At the age when this high occurred, the majority of the mice fed 
the high fat diet were dead; the survivors were either animals with 
exceptionally high weights or animals in which the terminal loss of 


~ 


2s TT a ms. 








Fig. 1 The mean weights of control and test mice, respectively. The broken 
line represents the mean weight curve of control animals; the solid line, that of test 


animals 


Tame 1 Monthly Mean Weights of the Control and Test Animals, 
with Maximum and Minimum Deviations 
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weight had not yet taken place. If this small group of selected animals 
had been excluded, this peak would not be noticeable, and the curve 
would show instead a gradual decline from the age of 15 months on. 
Moreover, the two curves showing the mean weights give only an 
incomplete picture of the actual conditions without supplementary data 
on the weight ranges in the control and the test animals, respectively. 
These ranges appear in table 1 and are graphically demonstrated in 
figure 2 as deviations from the mean weights. 
In figure 2 the area bordered by the two solid lines shows the weight 
ranges found in the test animals; the area bordered by the broken lines, 
Gm 
5 
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Fig. 2.—The ranges of the weights of control and test mice, respectively. The 
two broken lines represent the maximum and the minimum weight curves of the 
controls; the two solid lines, the maximum and minimum weight curves of the 
test mice 


the weight ranges observed in the controls. In the control group the 
variations in weight were by far more limited than in the test group. The 
highest weight ever observed in the control series was 40 Gm.; that is 
5 Gm., or about 10 per cent, above the mean found in this group. In 
the test series the highest weight ever observed was 65 Gm.; that is 
28.9 Gmm., or about 85 per cent, above the mean in this group. Particu- 
larly among the test animals wide variations in weight were noticeable, 
even within a group of littermates kept in the same cage. 
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Findings at Necropsy.—In those test animals in which considerable 
overweight had developed, visceromegaly and extensive deposits of 
adipose tissue were found in the subcutaneous tissue and in the abdomi- 
nal cavity. Contact roentgenograms disclosed slightly increased density 
of the bones. 

MICROSCOPIC OBSERVATIONS 

The criteria used in the following classification of the articular 
changes are similar to those established previously. 

No Change.—Starting from the articular surface and proceeding 
toward the epiphysis three cell layers may be distinguished: the sliding 
zone, containing one to three rows of undifferentiated spindle-shaped 
cells, the axes of which are are oriented parallel to the surface of the 
joint ; the transitional zone, containing small ovoid cells separated from 
each other by abundant amounts of homogeneous chondromucoid ground 
substance ; the zone of ossifying cartilage. An osseous lamella of varying 
thickness delimits the cartilaginous covering from the epiphysial marrow 
(fig. 34) 

Che cells of the articular surface thus undergo a cycle of growth, 
development and senescence similar to that of cells of the epiphysial 
growth zones. However, whereas in the latter this cycle ceases at the 
end of the growth period, in the joints it continues throughout life, 
though at a diminishing and ultimately extremely slow rate.* The 
ligaments are composed of collagenous stroma containing a few fibro- 
cytes and, near the insertion at the articular surface, some precartilage 
cells. The menisci consist of fibrillar connective tissue, fibrocartilage or 
hyaline cartilage ; the membrana synovialis is composed of loose vascular 
connective tissue covered by a continuous single layer of mesothelial 
cells 

lge Changes.—Slight Changes: The articular cartilage reveals 
growth processes involving the entire articular surface more or less 
uniformly. The undifferentiated cells of the surface layer round off, begin 
to enlarge, proliferate and become more closely packed than ordinarily ; 
mitoses may be found. The hyperplastic processes are particularly 
striking in the intermediate zone (figs. 3B and C). Occasionally 
enlarged cartilage cells are surrounded by a halo of basophilic matrix. 


More often, however, growth processes occur without demonstrable 


changes in the matrix, at least in sections stained with hematoxylin 


and eosin 


6. Silberberg, M., and Silberberg, R.: (a) Am. J. Anat. 68:69-95, 1941: (b) 
The Effects of Endocrines on Articular Tissues and Their Relation to Ageing 
Processes, in Proceedings of the Seventh International Congress on Rheumatic 
Diseases, 1949, Philadelphia, W. B. Saunders Company, to be published; (c) 
Growth 13:359.368, 1949 








Fig. 3.—A, resting articular surface of the upper end of the tibia; 22 month old 
control mouse; x 200 

B, slight hyperplasia and hypertrophy of the articular cartilage at the upper 
end of the tibia; 15 month old control mouse; « 200. 

C, moderate hyperplasia and hypertrophy cf the articular cartilage at the upper 
end of the tibia; 12 month old control mouse; « 200. 

D, hyperplasia, hypertrophy and marked regressive change in cartilage cells and 
matrix at the surface of the patella; 9 month old test mouse; x 200. 
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Increasingly from the age of 12 months on, the ligaments undergo 


cartilagination ; the menisci begin to have centers of marrow and ossify. 
Moreover, the membrana synovialis may proliferate (fig. 4) and show 
swelling or tibrinoid change. Proliferation usually sets in near the inser- 
tion of the cruciate ligaments, and from here the areolar tissue may 
spread into the epiphysial marrow through dilated vascular channels 
Thus foci of fibrosis of varying density appear in the epiphysis (hg 
5.4 and B). The changes in the synovialis are not associated with 
inflammatory processes, and they may occur without changes in the 


cartilage 


Fig. 4.—Thickened and proliferating membrana synovialis ; 22 month old control 


mouse x 20 


\dvanced Changes: The articular cartilage reveals intensification 
of growth processes and prominence of regressive changes (fig. 3 D) 
Hypertrophic cartilage cells with pyknotic nuclei and basophilic halos 
appear in increasing numbers. Unlike the cells of the growing joint 
which undergo the regular cycle of development, these enlarged cells 
remain near the surface ; furthermore, they do not show the vacuolation 
typical of differentiating cartilage cells. Focal proliferation of cartilage 
cells may be observed, leading to the appearance of small clusters adja- 
cent to areas of degeneration, These changes go hand in hand with 
marked basophilia of the matrix and focal irregularities such as fraying 


or roughening of the surface, especially near the insertion of the liga 
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ments. If these changes are accompanied by alterations in the ligaments 
or the synovialis, they merge gradually into the picture of osteoarthritis 


Osteoarthritis.—-The prominent features are severe distortion: of the 
usual structure of the joint (figs. 5 C to 9). The surfaces of femer, tibia 
and patella may be affected. The changes vary in kind and show all com- 


Fig. 5.—A, fibrosis and swelling of the membrana synovialis, with connective 
tissue beginning to grow into the epiphysis of the tibia through the bone of the 
surface ot the joint; 18 month old control mouse; « 2 

B, fibrous replacement of the marrow of the epiphysis of the tibia, representing 
a stage which is more advanced than that shown in 4; 18 month old test mouse; 

200 

C, fibrosis and cyst formation in the marrow of the epiphysis of the tibia; the 
persisting epg poe is visible in the lower part of the photograph; 18 month 

id test mouse; > 


binations of growth processes and regressive changes. The former are 
hypertrophy and proliferation of the articular cartilage, indicated by the 








eS e 


Fig. 6 {, hyperplastic foci in the articular cartilage of the tibia; 18 month old 
ontrol mouse < 20 
RB. cartilaginous overgrowth at the insertion of a ligament of the tibia; 20 month 
id test mouse x JO 


C, bony spur at the articular margin of the tibia arising from ossification of the 
upsule of the joint; 18 month old test mouse < DO. Skeletal muscle 


may be seen 
: e right ; the epiphysial plate, at the lower leit 


of the photograph 


Ry 











Fig. 7 {, osteoarthritic ulcers at the opposing surfaces of tibia and femur 
18 month old test mouse; « 45. There is condensation of the bone at the floor of the 
ulcers 


B, part of the ulcer of the tibia shown in 4; x 200. There is eburnation at the 
floor of the ulcer and hyperplasia of the cartilage at the margin. 
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occurrence of incubator capsules and considerable overgrowths. At the 
same time, cartilage cells are destroyed, and the matrix may be loosened 
and discloses pronounced pericellular basophilia. Foci of liquefaction, 
grooves and erosions of the articular surface are common. Loss of carti- 
lage in its entire thickness may cause an ulcer, the floor of which is 
composed of distinctly thickened sclerotic bone (eburnation). This type 
of lesion often involves both femur and tibia. Owing to the grinding 
action of the opposing surfaces, the latter become denuded and thus 
assume a smooth, polished appearance. The edges of such ulcers usually 
consist of narrowing tongues of cartilage, and there may be reactive 


Fig. 8—Hypertrophic osteoarthritis with marked deformities and overgrowths 
at the articular surfaces of tibia and femur; 24 month old control mouse; x 45 


hyperplasia of cartilage with formation of irregular prominent out 
growths. Islands of cartilage are attached to the ligaments, or they 
appear as free bodies in the articular cavity. There is vascularization of 
cartilage and bone, and at the articular margins, ossification of ligaments 
with the formation of osseous projections. The synovialis shows prolif- 
eration, increased vascularization and fibrosis with infolding or adherence 
to the surface of the joint. In the ligaments there are advanced fibrinoid 
change, cartilagination, ossification and sometimes shrinkage. In the 
epiphysial marrow, cysts, areas of fibrosis or foci of extravasated blood 


are noticeable 
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Owing to the variety and different combinations of these changes, 
the microscopic picture of the individual joint varies considerably from 
that of another. The severe joint lesions of old age are frequently char- 
acterized by paucity of cells and predominance of processes of hyaliniza- 
tion affecting areas of the cartilaginous covering as well as the synovialis 
The ligaments may be shortened and thickened, and contain foci of 


Fig. 9.—Hypertrophic osteoarthritis ; 18 month old test mouse; « 200. Marked 
regressive changes and growth processes are seen at the articular surfaces of the 
tibia and femur 


hyalinized and ossified cartilage. In these instances one has apparently 
to deal with “burnt-out” stages of osteoarthritis. 


INCIDENCE OF ARTICULAR FINDINGS 
IN THE VARIOUS AGE GROUPS 
Che findings in the knee joints are presented in table 2. The animals 
were divided into the following four age groups: 9 to 12 months ; 13 to 18 
months; 19 to 24 months; 25 to 30 months. The number of animals 
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available in each group and their mean ages are shown in vertical 
columns 3 and 4; the incidence of the findings expressed as number per 
cent of animals in each age group is given in vertical columns 5 to 8. 

At 9 to 12 months of age the knee joints were uninvolved in 22.2 per 
cent of the controls and in 24.2 per cent of the animals fed the fat- 
enriched diet. With increasing age the normal joints became fewer in 
both series of animals. Between 13 and 18 months of age the joints of 
11.8 per cent of the controls and of 2 per cent of the test animals were 
unchanged. Between the ages of 19 and 24 months, 5.6 per cent of the 
controls had normal joints, and 7.4 per cent of the test animals were 


free of articular changes, compared with the previous low of 2.0 per cent. 


Similarly, normal joints were found in 14.3 per cent of the controls living 
beyond the age of 24 months, compared with the previous low in this 
group of 5.6 per cent. 


Taste 2.—The Incidence of Articular Lesions in Various Age Groups 


~ - 


Pereentage of Mice Showing Stated Change 
Age Change 


Experimental Mean No - Osteo 
Group Mice Age, Mo Change Slight Advanced arthritis 


Control Ba 0.2 22.2 a4 iL.1 8.3 
Test $3 10.9 42 3.3 14.2 7.3 
Control 16.8 11.8 49.9 5s 32.4 
Test 5 16.3 3 5.7 7 65.6 
Control 22.2 § 11.1 55.6 
Test 72.0 7 11.1 $1.5 
Control 1 3 7 23.6 
Test 

ow» Control 17.2 } Le 

combined Test I f ] 13.5 


Thus among both the control and the test mice the number of animals 
vith normal joints decreased up to a certain age. However, in the oldest 
surviving individuals of either group the normal joints were somewhat 
more frequent than before. In mice fed the high fat diet the decline in 
the number of unchanged joints was faster and the terminal rise less 
conspicuous than in the controls. Animals which remain free of articular 
lesions even in old age may represent a selected group of individuals 
resistant also to other diseases, and therefore surviving the longest 

In the control group the incidence of slight articular changes 
lecreased from 58.4 per cent at nine months to 27.7 per cent at 24 
months ; in animals surviving this age a higher incidence (57.1 per cent) 
was again noted. Owing to the small number of animals available in this 
group, the rather high incidence of 57.1 per cent is probably not truly 
representative, but it may well indicate a general trend. Again, these 
unimals may belong to the group of selected individuals resistant to 
degenerative diseases. The mice, therefore, reach an old age before the 


irticular age changes develop, and during the brief remainder of the life 
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span no further degeneration of the lesions takes place. Under the 
influence of the high fat diet the incidence of slight articular changes 
decreased with advancing age. Between 9 and 12 months of age 33.3 
per cent of the test animals showed slight articular changes, compared 
with 58.4 per cent of the control animals. Between 13 and 18 months of 
age the incidence dropped rapidly, creating an even more marked differ- 
ence between control and test animals (49.9 per cent of the controls, 
15.7 per cent of the test animals). Slight changes were not recorded in 
19 to 24 month old animals fed the high fat diet. The significance of the 
decrease in slight changes with advancing age in control as well as in test 
animals can be gaged only in connection with the simultaneous rise of 
the advanced osteoarthritic lesions. This indicates that the age changes 
are transformed into the severe types of degenerative joint disease with 
advancing age as well as under the influence of the high fat diet. 

There were only slight variations in the incidence of advanced 
articular age changes with increasing age or with the change in the diet 
(table 2, column 7). These findings suggest that the advanced age 
changes represent a transitional stage from which the articular tissues 
of susceptible animals pass quickly into the osteoarthritic stage, and 
which, on the other hand, is not reached by animals resistant to articular 
disease 

Osteoarthritis was observed in a small number (8.3 per cent) of 
control animals 9 to 12 months of age. However, the incidence of these 


lesions increased with advancing age until at the end of the second year 


of life more than one half (55.6 per cent) of animals were thus affected. 
Of animals living into the third year of life 28.6 per cent had osteo- 
arthritis. However, this percentage should be evaluated with the fact in 
mind that only few animals survived to this age. At the end of the first 
year of life osteoarthritis was three times as frequent in animals fed the 
high fat diet (27.3 per cent) as in the controls (8.3 per cent). At 18 and 
24 months of age the incidence of osteoarthritis had increased in the test 
animals to 68.6 per cent and 81.5 per cent, respectively, compared with 
32.4 per cent and 55.6 per cent in control animals of corresponding age. 
Thus, as had been found in controls, in the test animals osteoarthritis 
also became more frequent with advancing age. 

In horizontal column 5, table 2, the articular changes in the control 
and test animals are given irrespective of the age of the mice at the time 
of death. The number of animals showing normal joints was almost the 
same in both series (13.3 per cent in the controls and 9.9 per cent in the 
test animals). However, the incidence of age changes as well as that of 
osteoarthritis varied markedly in the two groups. Of the control animals 
54.8 per cent disclosed articular age changes, while 31.9 per cent had 
osteoarthritis. In the test animals this proportion was practically 
reversed: 30.6 per cent disclosed articular age changes, while 59.5 per 
cent had osteoarthritis 
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Irrespective of the age of the animals, the incidence of osteoarthritis 
was thus increased about twofold, an increase which from a statistical 
point of view is very significant (significant on the | per cent level).’ 


THE RELATIONSHIP BETWEEN ARTICULAR CHANGES AND AGE 


fable 3 gives the number of animals and their mean ages grouped 
according to the sindings in the joints at the time of death. The mean age 
of all animals with normal joihts was 14.0 months in the control and 
13.0 months.in the test group. 

The mean age of all control mice with articular age changes was 
16.2 months and of those showing osteoarthritis 20.2 months. The corre- 
sponding ages of the test animals were 13.7 and 17.8 months, respec- 
tively. Thus in control as well as in test animals the difference between 
the mean ages of mice with age changes and mice with osteoarthritis was 
about the same (four months for the controls and 4.1 months for the 


Tante 3.—The Relationship Between the Articular Findings and the Mean 
Age of the Animals 


Mice Showing Mice Showing 
No Change Age (Change Osteoarthritis 


Exper 
mental » of Age, % of Age, % of Age, 
Group Mice No Total Mo > Total Mo Total Mo 


Control l 15 I 40 J 4s 16.2 1. M2 


Test M1 " { 13.0 3 w.6 13.7 5 0. 178 


test animals). On the other hand, mice fed the high fat diet showed 
articular age changes at a mean age of 13.7 months, whereas the mean 
age of the controls showing articular age changes was 16.2 months 
Under the influence of the high fat diet articular age changes were thus 
advanced by 2.5 months, A similar difference of 2.4 months was observed 
between the mean ages of mice showing osteoarthritis (17.8 months for 
the test mice and 20.2 months for the controls). This difference in the 
acceleration of the onset of osteoarthritis is very significant statistically 
However, the high fat diet caused no further acceleration of the course 
of osteoarthritis beyond the degree to which the preceding age changes 


had been hastened 


RELATIONSHIP BETWEEN ARTICULAR CHANGES AND WEIGHT 


In table 4 the findings in the joints are given in relation to the mean 
weights of the animals. Animals over 18 months of age and obviously 
sick animals, as well as animals whose weights had dropped below 


25 Gm., were not included in the computation, because unrelated diseases 


The statistical analysis of these and the subsequent data was made by Prof 


V. W. Lemmon, of the department of psychology of Washington University 
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or undernourishment are known to influence the course of articular 
changes.*** The maximum weights served as the basis for the tabulation 
Consecutive vertical columns show the mean weights of all control and 
test animals 9 to 18 months old whose joints were unchanged, or dis- 
closed age changes or osteoarthritic lesions. 


In the control series the mean weights of animals with normal joints 
and of those with age changes did not ditfer much (29.3 and 30.0 Gm., 
respectively, in the younger group, and 33.3 and 32.9 Gm., respectively, 
in the older group). In both age groups the animals showing osteo- 
arthritis had higher mean weights than animals showing normal joints 
or simple age changes: At 9 to 12 months of age the mice with osteo- 
arthritis weighed 33.0 Gm. ; that is 3.7 Gm., or about 10 per cent, more 


than those showing normal joints. At 13 to 18 months of age the mean 


Taste 4.—Findings in the Joints and Their Relation to the Mean Weight 
of the Animals 


Mice Showing Mice Showing Mice Showing 
No Change Age Change Osteoarthritis 
aA — ~ A a 
Deviation, Deviation, Deviation, 
(im. Gm Gm 
Experi Mean * Mean ‘ ~~ Mean A“ 
mental Wt., Maxi Mini Wt., Maxi Mini Wt., -Maxi- Mini 
Group Mice Gm mum mum im mum mum (im mum mum 
Control ; D3 0.7 2.3 w.0 20 +o 
Test 2 Bs ‘ 
Control 33 33.3 


0 10 40 
6.8 35.7 3 3.7 40.6 12.4 10.6 
43 32.9 6.1 49 M7 43 7 


s 
j .7 
Test ; $2.5 0.4 05 35.6 54 3.6 412 23.8 9.2 


Control 63 s14 8 3.6 31.3 7.7 3 us 47 53 
Test t 34.1 7A 7 95.6 i 3.6 411 23.8 112 


weight of mice with osteoarthritis was 34.7 Gm.; that is 1.4 Gm., or 
about 4 per cent, more than those showing normal joints. If all control 
animals are considered together, irrespective of their age, it is evident 
that the mean weight of the mice showing osteoarthritis (34.3 Gm.) was 
2.7 Gm., or about 8 per cent, higher than the mean weight of those with 
normal joints (31.6 Gm.). Statistically, this difference is moderately 
significant (significant at the 5 per cent level). 

Unlike the controls, the test animals showing age changes had a 
higher mean weight than animals with normal joints (35.7 Gm., com- 
pared with 33.8 Gm., in the younger group; 35.6 Gm., compared with 
32.5 Gm., in the older group). These weight differences were, however, 
slight as compared with those existing between the test mice showing 
normal joints and those showing osteoarthritis (33.8 Gm., compared 
with 40.6 Gm., in the younger group ; 32.5 Gm., compared with 41.2 Gm., 
in the older group; 34.1 Gm., compared with 41.1 Gm. for all mice 
irrespective of their age). The latter difference is statistically significant 
above the 5 per cent level. 
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COMMENT 

Articular changes occurring spontaneously with advancing age in the 
knee joints of mice have been described previously.* These changes 
consist of growth and regressive processes in the cartilage, fibrinoid 
degeneration, metaplastic cartilagination and ossification in the ligaments, 
and proliferation and hyalinization in the membrana synovialis involving 
bone and bene marrow. While usually the changes in the cartilage pre- 
dominate, there are instances in which the synovialis is affected without 
or with only slight participation of the articular cartilage. A combination 
of advanced growth and regressive changes of the various articular 
structures results in lesions which may be considered as an analog 
of human osteoarthritis. 

The incidence, the onset and the severity of these changes vary with 
sex and strain, and they may be modified by administration of hormones 
or by removal of endocrine glands.** In our present series of male mice 
of strain C57 black reared on a stock diet containing 5 per cent fat, 31.9 
per cent showed osteoarthritis and 54.8 per cent slight or advanced age 
changes, whereas 13.3 per cent remained free of articular lesions, even 
in old age. Of male mice of the same strain receiving a diet containing 
29 per cent fat, 59.5 per cent had osteoarthritis, 30.6 per cent age changes 
and 9.9 per cent unchanged joints. Thus, under the influence of the high 
fat diet there was an almost twofold rise in the incidence of osteoarthritis. 
Chis increase occurred as the result of a shifting away from simple age 
changes to the lesions of osteoarthritis. The present series of experiments 
thus shows a continuation of the trend established in growing mice fed 
the high fat diet up to 6 months of age: The joints of these animals had 
undergone premature aging and at the age of 6 months presented 
changes which in controls do not usually develop before the end of the 
first year of life." 

\ge changes in the articular tissues may therefore be considered as 
forerunners and possibly pacemakers of osteoarthritic lesions. On the 
other hand, the number of mice with unchanged joints was about the 
same (13.3 per cent in the controls and 9.9 per cent in the test animals) 
no matter which ration was fed. Thus, a certain number of mice seemed 
to be resistant to the development of articular changes even in old age 
and even though the animals were exposed to stimuli which would call 
forth such changes in predisposed individuals. 

rhe test animals not only had a higher incidence of osteoarthritis but 
had the disease at an earlier age (17.8 months) than the controls (20.2 
months). This age difference of 2.4 months is practically identical with 
the difference in the ages at which simple age changes were found in the 


two groups of animals (13.7 months in the test group, compared with 16.2 
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months in the controls). Thus, in the test mice the mean age at which 
osteoarthritis was seen was advanced by only as much time as_the simple 
age changes had been. The high fat diet, therefore, does not seem to play 
a role in the transformation of age changes leading to severe degenerative 
joint disease, but it apparently exerts its most evident effect on the 
progress of the early age changes. By accelerating the latter, the high fat 
diet may render the articular tissues more and prematurely susceptible 
to other injurious stimuli which contribute to the ultimate production 
of osteoarthritic lesions. These additional stimuli must be unrelated to 
the conditions of the present experiment, since a number of control mice 
likewise presented degenerative joint disease. 

In view of the possibility that mechanical factors play a role in the 


. 


etiology of osteoarthritis * and because overweight may exert excessive 
mechanical stress on the joints, the relationship between weight of the 
animals and articular lesions may be briefly discussed. If overweight 
should actually have any influence on the articular tissues, then not only 
the degree of overweight but also the length of time during which it is 
maintained as well as the age at which it occurs might be of importance. 
Control animals showing osteoarthritis had a mean weight of 34.3 Gm., 
whereas the test animals with normal joints had a mean weight of 34,1 
Gm. Thus, weight as such is not an essential factor in the initiation of the 
articular changes. Moreover, individuals of the same weight showed 
different types of articular changes, while animals disclosing similar 
articular lesions differed widely in their weights. However, within both 
the control and the test groups osteoarthritis was associated with a 
tendency toward higher weights. This statistical coincidence was of 
moderate significance only. It does not necessarily prove an etiologic 
relationship of overweight and osteoarthritis but may be interpreted as 
independent responses of body weight and articular tissues, respectively, 
to the dietary regimen. 

Che mode of action of the fat-enriched diet on the articular tissues is 
as yet unknown. One of the major questions arising from the present 
investigation is the one regarding the specificity of the results. Our 


present experimental diet contained 6.0 calories per gram, compared 
with 4.2 calories per gram of the stock diet. A few preliminary observa- 


tions indicate that, while the ad libitum consumption of individual mice 
fed the high fat diet varies considerably, the test mice consume at least 


8. Payr, I Gelenksteifen und Gelenkplastik, Teil I, Berlin, Springer-Verlag, 
1934. Bennett, G. A.; Waine, H., and Bauer, W.: Changes in the Kneejoints at 
Various Ages with Particular Reference to the Nature and Development of Degen- 
erative Joint Disease, Commonwealth Fund, New York, Oxford University Press, 
1942. Hench, P. S.; Bauer, W.; Boland, E. W.; Crain, D. C.; Freyberg, R. HL; 
Graham, W.; Holbrook, W. P.; Lockie, L. M.; McEwen, C.: Rosenberg, E. F., 
and Stecher, R. M.: Ann. Int. Med. 28:66-168 and 309-451, 1948 
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as many, and usually more, calories than the control animals. Our 
results may thus be due either to the increased caloric intake as such or to 
a specific action of the fat, or to both. 

It is likewise undecided, whether the skeletal effects of the high fat 
diet are direct ones acting on cells or matrix or both, or whether they 
are mediated through changes in the general metabolism. These questions 
will have to be answered with the help of quantitative and histochemical 
methods 

SUMMARY 


In male mice of strain C57 black fed throughout life a diet containing 
29 per cent fat, articular aging was hastened as compared with that of 
controls fed a stock diet containing 5 per cent fat. Under the influence 
of the fat-enriched diet the incidence of osteoarthritis was increased two- 
fold and the onset of the disease significantly accelerated. As the inci- 
dence of osteoarthritis increased, that of simple age changes decreased. 
\rticular age changes may, therefore, be considered as precursors of, 
and possibly pacemakers for, the severe lesions of degenerative joint 
disease. A number of animals remained free of articular changes even in 
old age and even if fed the fat-enriched diet. Under the conditions of 


the present experiment the overweight associated with the consumption 


of the high fat diet played only a minor role, if any, in the pathogenesis 
of degenerative joint disease. 
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YECOND uttacks of scrub typhus apparently occur with considerable 
frequency’ among farmers in certain hyperendemic areas of Japan,’ 
but documented cases observed during both episodes are rare. Despite 
the extensive clinical and laboratory studies that have been made of this 
rickettsial disease during the last two decades, adequate information is 
lacking on the degree and duration of the immunity which develops. 
Both men and animals, after having been experimentally infected with 
one strain of Rickettsia tsutsugamushi, are resistant for some months, at 
least, to reinoculation of a heterologous strain.* Nevertheless, antigenic 
heterogenicity among strains of R. tsutsugamushi is so pronounced that 
inactivated vaccines and antiserums prepared against one organism 
generally fail to protect mice against infection with others." These anti- 
genic variations may account for the failure of inactivated scrub typhus 
vaccines to protect men against field exposure,* and may contribute to 
the high rate of second attacks of the natural disease in those intermit- 
tently exposed to infection. 


From the Army Medical Department Research and Graduate School and the 
Commission on Immunization of the Armed Forces Epidemiological Board 
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4. (a) Card, W. L, and Walker, J. M Lancet 1:481, 1947. (6b) Smadel, 
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rhe present investigation was undertaken as part of a series of 
studies on the problem of immunizing human beings against scrub 
typhus. This report is concerned primarily with the results of inoculating 
living R. tsutsugamushi in patients whom our group had cared for during 
a previous attack of proved scrub typhus. After preliminary tests had 
shown that the experimental disease induced in certain recovered persons 


could be controlled adequately by specific antibiotic therapy, subsequent 


tests tncluded control groups of volunteers who had not previously had 
scrub typhus. The iatter groups also served as controls for tests in which 
the disease experimentally induced in nonimmune volunteers was sup- 
pressed by chemoprophylaxis.* Most of the work described at this time 
was carried out at the Institute for Medical Research, Kuala Lumpur, 
Federation of Malaya. 

METHODS 


Preparation and Standardization of Living Attenuated Rickettsial V accine.— 
An egg-adapted line of the Gilliam strain of R. tsutsugamushi was selected for the 
inoculation of all but one of the volunteers. This line had been through 113 
yolk sac passages and had lost much of its original capacity to induce lethal disease 
in mice. Infected yolk sac material was lyophilized in a special buffer-sucrose 
solution® and standardized at the Army Medical Department Research and 
Graduate School two to five months prior to being used in volunteers in Washington 
or Kuala Lumpur; during the interval it was stored at refrigerator temperatures 
The inoculum for each experiment with volunteers consisted of rehydrated lyophili- 
zed material from several ampuls, which was diluted with buffer-sucrose solution 
so that 0.1 cc. contained an estimated 10 to 100 minimal infectious doses (MIDw) 
for mice. The rehydrated material used for volunteers was titrated intraperitoneally 
in mice by the usual method, at the same time that it was being injected into 
volunteers. The Gilliam strain killed mice only in low dilutions; hence, in order to 
determine the infectious titer of the material, it was necessary to challenge all 
surviving titration mice with approximately 10 minimal lethal doses (MLDw) 
of a virulent strain of R. tsutsugamushi. In calculating the MID», all mice which 
succumbed to the Gilliam strain or which survived challenge with the lethal strain 
were considered as infected in the original titration The calculated number 
of MID.» in a portion of the material actually injected into volunteers is recorded 
in this report 

A second strain of R. tsutsugamushi was used for the infection of one volunteer 
This organism (V-10) had been recovered in January 1947 from the blood of this 
particular volunteer during a scrub typhus infection which had resulted from 
laboratory work with the Volner strain of R. tsutsugamushi. The agent, after two 
mouse passages, was stored frozen until the spring of 1950; then, after one 
additional passage in this host, it was transferred to the yolk sacs of embryonated 
eggs \ frozen suspension of the rickettsias of the second yolk sac passage was 
diluted to 10,-5-25 and 0.1 cc. of this was inoculated in the volunteer. The lethal 


titer of this same inoculum, determined simultaneously in mice, was 1(r*® thus, the 


calculated number of mouse MLD» which this volunteer received was 28 


5. Smadel, |. I Ley, H. L., Jr.; Diercks, F. H.; Traub, R.; Tipton, V. J., 
and Frick, L. P., to be published 


6. Smadel, J. E., and Jackson, E. B To be published. 
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Selection of Volunteers-~-Three groups of volunteers were accepted in the 
present studies. One group included three American adults who had suffered 
from scrub typhus 1% to 3% years previously. Two of these had contracted the 
disease as a result of laboratory exposure and one in the course of chemoprophylactic 
tests in Malaya. The remaining volunteers were Asians (Malay, Indian and 
Chinese) who lived in the vicinity of Kuala Lumpur. The Asians fell into two 
distinct groups, (1) those who had had no history of scrub typhus and (2) those 
who had served as volunteers in previous chemoprophylactic field trials and had 
contracted scrub typhus as a result of sitting in the grass in hyperinfected fields near 
Kuala Lumpur.’ Each member of this last group had been shown to have 
rickettsemia prior to the time his disease was terminated by specific antibiotic 
therapy. Physical examination, carried out in the manner previously described,"* 
showed that each of the volunteers was in good health prior to inoculation 

Inoculation and Care of V olunteers—To produce scrub typhus in the volunteers, 
0.1 ce. of a diluted rickettsial suspension containing a known number of MIDew 
of the Gilliam or the V-10 strain was injected intradermally. In the large tests 
the inoculations were carried out rapidly, members of the control groups being 
given the injections last, and precautions were taken to maintain the viability of 
the material during the period. Volunteers were observed twice daily at the 
Institute for Medical Research, where oral temperatures were recorded and the 
sites of inoculation examined. No restriction was placed on the movement of 
the volunteers except that they remain in the city and its environs and avoid those 
localities where scrub typhus was known to be endemic. Incidentally, because 
of a drought, the cases of naturally occurring scrub typhus were rare during 
this time even in those hyperendemic areas which generally provided a relatively 
constant flow of patients. Oral temperatures below 100 F. were considered normal 
for our ambulatory volunteers in Kuala Lumpur, which is in the third degree 
latitude north of the equator. 

All volunteers who had temperatures of 100 F. or above on two successive 
occasions were immediately hospitalized. Those in whom the usual clinical signs 
and symptoms of scrub typhus developed were promptly given specific antibiotic 
therapy. Those who received chloramphenicol or aureomycin responded in the 
usua! manner,’ becoming afebrile in 12 to 36 hours; a few who were treated with 
terramycin alone responded satisfactorily and are discussed in detail elsewhere.® 
The patients were maintained in the hospital for at least 10 days following defer- 
vescence, after which they returned twice daily to the Institute for Medical 
Research for an additional two or three weeks of observation. 

The clinical and laboratory procedures employed in this study were essentially 
identical with those previously described in detail.™ 


RESULTS 


Experimental Scrub Typhus in Normal V olunteers.—Experimental 


scrub typhus had been induced in normal volunteers in earlier work in 


7. (a) Smadel, J. E.; Traub, R.; Ley, H. L., Jr.; Philip, C. B.; Woodward, 
T. E., and Lewthwaite, R.: Am. J. Hyg. 5@:75, 1949. (b) Smadel, J. E.; Traub, 
R.; Frick, L. P.; Diercks, F. H., and Bailey, C. A Ibid. $1:216, 1950 
8. (a) Smadel, J. E.: Woodward, T. E.; Ley, H. L., Jr., and Lewthwaite, R 
Clin. Investigation 28:1196, 1949 (b) Smadel, Bailey and Diercks. 
9. (a) Bailey, C. A.; Ley, H. L., Jr.; Diercks, F. H.: Lewthwaite, R., and 
Smadel, J. | To be published. (b) Smadel, J. E.; Jackson, E. B., and Ley, 
a ep Ann. New York Acad. Sc. 53:221, 1950 
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Malaya by the natural mode of infection, namely, the bites of infected 
mites, and the disease in these persons was readily controlled by specific 
antibiotic therapy. Because of numerous uncertainties associated with 
field exposure, it was desirable to employ a more definitive method for 
infecting volunteers. When it became evident from tests on recovered 
persons that intradermal inoculation of the Gilliam strain provided a 
satisfactory disease which could be terminated at will, a number of normal 
volunteers were infected by this method. 

rhe disease induced in normal human beings by inoculation of small 
numbers of active R. tsutsugamushi will be discussed first in order to 
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Fig. 1.—Clinical chart of a normal volunteer, no. 608. In this man, aged 20, 
weighing 95 pounds (48 Kg.) typical scrub typhus developed on the ninth day after 
intradermal inoculation of 22 MID.» of the Gilliam strain of R. tsutsugamushi. He 
was solidly immune when reinoculated with 9 MID» of the same agent on the 
thirty-first day 


simplify the comparison of the resultant illnesses in susceptible and 
partially immune persons. Fourteen volunteers without history of scrub 
typhus were each given an intradermal injection of approximately 25 
MID.,,, of the Gilliam strain. The course of the disease in these persons 
was remarkably uniform. On the eighth to the tenth day after inoculation 
all the volunteers had a febrile illness which subsequently proved to be 


scrub typhus. The clinical record of volunteer 608, which is reproduced 


in figure 1, illustrates the typical course 
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\ summary of the findings in the inoculated normal volunteers is 
given in table 1. In brief, the sequence of events after inoculation was as 
follows: A small erythematous lesion appeared within a matter of hours 
at the site of inoculation and persisted for several days. It began to 
enlarge on the fourth or the fifth day, and about this time a small papule 
developed at the center. The lesion increased progressively until specific 
therapy was instituted. At the onset of fever on the eighth to tenth day 
the erythematous area had a diameter of about 15 mm. and had a central 
papule about two-thirds this size and 1 to 2 mm. high. Concurrent with 
the onset of fever, the patients experienced malaise, severe frontal head- 
ache and generally photophobia. Within the first 24 hours physical 
examination showed little other than injected conjunctivas, definite 
lymphadenopathy in the axillary area which drained the site of inocula- 
tion, and the cutaneous lesion. Specific antibiotic therapy was begun 
within 48 hours after onset of sustained fever, and defervescence followed 
promptly. In the majority of the patients the skin lesion remained static 
for a number of days after treatment; then about the thirteenth day, it 
began to regress, erythema and edema disappearing rapidly. The site 
remained discernible, especially in the Asians, for another week as a pale 
pink, smooth, atrophic area. Three of the 14 dermal lesions progressed 
to typical necrotic eschar formation during or immediately after defer- 
vescence. In these three volunteers the skin lesion healed slowly by 
granulation, with epidermal coverage by the end of the third week. 
Photographs reproduced in figure 2 depict various stages of the lesion 
of one of the volunteers who had a full-blown eschar. 

Nine of the 14 patients had recrudescences of scrub typhus on the 
thirteenth to twenty-second day after inoculation, which was three to 13 
days after the beginning of therapy."' These episodes were promptly 
controlled by a 3.0 Gm. dose of aureomycin or chloramphenicol. Sup- 
pressive therapy which had previously been shown as satisfactory for the 
prevention of relapses in volunteers who contracted scrub typhus under 
natural conditions *® was not attempted in this instance. Convalescence 
in all of the volunteers was rapid and uneventful. 

\ll 14 of the patients provided positive laboratory evidence of scrub 
typhus infection with either demonstrable rickettsemia during the acute 
illness or a significant (fourfold or greater) rise in OX-K antibodies 
during convalescence. Rickettsemia was demonstrated in 13 and positive 
Weil-Felix reactions in five. The data for the individual patients are 
presented in table 1. 


10. Footnote deleted 


11. Four of seven patients had a flare-up of the primary lesion at the time of 
clinical relapse, nine to 13 days after treatment was begun. In these the lesion 
which had been regressing, again showed an erythematous area about 10 mm 


in diameter, and in two of the four a papule reappeared 














Photographs of the skin lesion developing at the site of inoculation of 
658: A, wheal immediately after 


rickettsias; AB, small area of erythema and papule five days after 
D, lesion 


zone of erythema 11 days after injection: E, 


in a normal volunteer, nn 


njection enlarging erythema and papule eight days after imjection; 


with necrotic center and wide 


after injection and, F, lesion after scab detached 26 days 
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Resistance of Recovered Scrub Typhus Patients to Inoculation of 
Rickettsias —T wenty-one persons who had recovered from proved scrub 


TasBLe 1.—Summary of Findings in lmmune and Nonimmune Volunteers Inoculated with the Gilliam Strain 
of R. Tsutsugamushi 


Results of Inceulation 


Onset of Total 
Previous Disease Inocu Peover, Dura 
. ~ lum Days ’ tien WFR-OX-K! 
Vol Months Resulted (Mouse (Clinical After Rickett Fever, —_—+ 
Experiment No.* Before From MIDse) Disease Eschar Infection semiat Relapse Days Pre Post 
Serub CP-% s Pield 12 ll > 0 3 
typhus Y 6 Lab 10 + 0 ‘ 
Serub , P Fieki ul 
typhus l i6 Field (mat.) ; + y v 
= 1 Field I 0 
Field (nat.) 
Serub 07 6 Field 
typhus 1 lf Meld 
Serub 19 ? Field 
typhus 11 17 


Normal 


Serub 
typhus 


Field 
Serub >i Inoe 
typhus exper. 2) 
(recent 23 
Serub } Inoe. (see 
typbus exper. 3) 
(recent ] 
Serulb ia ] Inoc. (see § ‘ so “ 
typhus exper. +B) 
(recent) \ 1 f ” ” 
I » 0 
Normal None - . + ‘ 0 1 
{ “0 » 
Li = 
» » 
“ i” 
“0 ww 


* The volunteers listed above who had had scrub typhus in the past may be identified in previous publications by the 
following code: nos. 44, 49 and CP-.5 to CP-25 (Smadd, Woodward, Ley and Lewthwaite **): nos, 107 to 19, exclusive of 122 
Smadel, Traub, Frick, Diercks and Bailey ™); nos. 122 and 410 (Smadel, Bailey and Diercks **). Volunteers V-1 and 44 had 
experienced previously an additional attack of serub typhus contracted during fleld work (see text). All patients were treated 
with speeifie antibiotics during the initial attack and the relapse, when it occurred. The total duration of fever includes both 
the initial Miness and the relapeer 

+ Positive results were obtained from blood specimens drawn during the first three days of disease. Negative results are 
recorded when the specimens were obtained In the following manner: (|) at a time when other members of the group were 
shown to have rickettsias in their blood, or (2) during the first three feorile days of iliness. N. D. indicates not done. 

: WP—OX.-K stands for Weil-Felix reaction and OK-K antibodies (sve text) 


typhus were inoculated intradermally with small amounts of living R. 
tsutsugamushi. The members of this group had contracted their disease 
in the following manner: 2 from natural field exposure during occupa- 
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tional duty **; 2 from laboratory contact with the organisin; 3 from 
infection induced by injection of Gilliam organisms, and 14 as a result 
of supervised exposure in hyperendemic areas. All but one of the 21 
volunteers were inoculated with the Gilliam strain of R. tsutsugamushi ; 
four received injections on two occasions ; hence, the number of recovered 
volunteers listed in table 2 is 24. The single exception (volunteer V-10, 
a laboratory worker) received the same strain of rickettsia which had 
been recovered from his blood during the febrile episode 3% years 
before ; the data on this volunteer are not included in tables 1 and 2 
or figure 3, 

The incidence of the clinical disease induced in the scrub typhus 
patients by inoculation of rickettsias is presented in table 2. Among the 
16 who had recovered 11 to 25 months prior to inoculation, 11 underwent 
another attack of scrub typhus, Thus, almost three quarters of this group 
was not solidly immune to the agent. Eight volunteers who had recov- 
ered from scrub typhus which began one to two months before inoculation 
were all solidly immune. 


Tamie 2.—Disease Induced by Inoculation of Gilliam Strain of R. Tsutsugamushi 
Into Patients Recovered from Scrub Typhus 


Interval No. in 
Since Serub Whom Dis 
Vohinteers Typhus, Mo ease Developed 
12 
11-25 


No previous disease 


Those volunteers in whom no febrile illness developed after inocula- 
tion of rickettsias showed no untoward signs or symptoms during the 
period of observation except a local lesion of the skin at the site of inocu- 
lation. There was some difference in the course of the cutaneous lesion in 
the solidly immune group that had had scrub typhus one to two months 


before and in that which had recovered one to two years previously. 


12. The records of these two patients are of particular interest because both 
had two proved attacks of naturally acquired scrub typhus. Patient V-1, a Dyak 
engaged as a naturalist for many years in Malaya, had typical scrub typhus in 
1932, when he was cared for by Dr. R. Lewthwaite of the Institute for Medical 
Research The detailed records of this attack were lost during the Japanese 
occupation, but there is no doubt about the nature of the illness. He suffered a 
second episode of scrub typhus in December 1948, when he was observed and 
treated by our group. At this time rickettsemia was demonstrated but a rise in 
OX-K antibodies was not found 

Patient 44 was cared for by our group in both of his attacks of scrub typhus; 
the first of these occurred in May 1948 and the second in March 1950. A summary 
of the findings in the initial disease is given in table 4 of an article by Smadel 
and co-workers ™ and an illustration of the findings in the second episode in 


figure 4 of another article by Smadel and co-workers,”” where he is designated as 


patient N 15 
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In both of these resistant groups the initial erythematous reaction 
averaged about 7 mm. in diameter 24 hours after injection. In the 
recently recovered volunteers the erythema diminished progressively, 
disappearing about the fifth day, and was not followed by any detectable 
local changes (see figure 3). In the second group of immune volunteers, 


those recovered for one to two years, lesions developed which persisted 
for about three weeks (see figure 3). In four of the five the cutaneous 
reaction was limited to erythema for the first two weeks and atrophy and 
scaling during the last week. The other member of the group showed, 
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Fig. 3.—Schematic representation of average diameters attained by the dermal 
lesions on volunteers at the sites of moculation. 


in addition, a small papule, which appeared at the end of the first week 
and persisted for several days. 

The majority of volunteers who had recovered from scrub typhus 
one to two years previously had a clinical disease following inoculation 
of R. tsutsugamushi which approached that observed in the inoculated 
normal controls. Indeed, the severity of the onset of the illness, both as 
regards symptoms and signs, differed in no respect from that of the 
naturally acquired disease. No effort was made to study the duration of 
the illness in these patients, since specific therapy was given within 48 
hours after onset. It is worthy of note that the incubation period in this 
group varied considerably, i. ¢., from nine to 17 days. Since not all the 








f inoculation 


tsutsugamushi in two susceptible recovered volunteers. First shown are three 
photographs of a Malay (volunteer 150) 1, small area of erythema and papule five 
enlarging erythema and papule eight days after 
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volunteers received the same inoculum, definitive conclusions cannot be 
drawn about the prolongation of the incubation period and the degree of 
immunity. Nevertheless, it is apparent (see table 1) that the incubation 
period was consistently longer by several days in the persons who had 
recovered from scrub typhus than it was in the corresponding normal 
controls. The lesions which developed at the sites of inoculation in these 


susceptible volunteers approached those of the normal controls, The data 
presented in figure 3 show that at the height of the reaction, about the 
tenth to thirteenth day, the average diameter of the lesion was approxi- 
mately two-thirds that in the controls. In all the members of the present 
group papules developed, but in no instance did the cutaneous lesion 
progress to necrosis and black eschar formation. Photographs illustrating 
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Fig. 5.—Clinical chart of a recovered volunteer, CP-25 This volunteer 
experienced his initial attack of scrub typhus in June 1948, and subsequently, 
in January 1950, on the eleventh day following intradermal inoculation of 12 MIDs 
of the Gilliam strain of R. tsutsugamushi, typical scrub typhus developed. 


the course of the primary lesion in susceptible recovered Asian and 
\merican volunteers are reproduced in figure 4. 

The typical course of the experimental disease induced in patients 
who had recovered from scrub typhus is illustrated in figure 5, which 
summarizes the data on patient CP-25. Additional information on other 
patients is given in table 1. All but one of the 11 members of this group 
had demonstrable rickettsemia during the febrile phase of their disease 
It will be noted from table 1 that none of these persons suffered a relapse 
of scrub typhus, which is in sharp contrast with the 14 normal controls, 
9 of whom had recrudescent disease. It should be reemphasized that in 
neither of the groups was suppressive therapy used to prevent such 
relapses 
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The response of volunteer V-10 deserves special consideration, since 
he is the only member of the entire group who was reinoculated with the 
very strain which had been recovered from him during his attack of 
scrub typhus 34% years before. The intradermal injection of 28 mouse 
MLD,, of the homologous strain produced a small erythematous area 
a few millimeters in diameter, which persisted for several days. No other 
symptoms or signs developed during the subsequent period of observation. 


COM MENT 


The present work clearly shows that the majority of persons who 
have recovered from scrub typhus one to two years previously are sus- 
ceptible to experimental reinfection with R. tsutsugamushi. These obser- 
vations add credence to the reports that second attacks of tsutsugamushi 
disease are common under natural conditions.’ The present findings are 
discouraging as regards the ultimate success in obtaining a simple method 
for inducing in human beings a durable solid immunity against this 
disease 

\ny interpretation of the present results must take cognizance of the 
antigenic variations among strains of R. tsutsugamushi. Certain of the 
present volunteers were known to have been reinoculated with the same 
organism which was responsible for their initial disease. Volunteers 605, 
608 and 666 were originally infected with the Gilliam strain, and these 
three were completely resistant when reinfected a month later with the 
same organism, Of greater interest is volunteer V-10, who remained well 
when inoculated with his homologous organism 31% years after his 
original malady. Three other volunteers were known to have been infected 
with a heterologous strain; CP-25, patient 49 and patient \V-1 had 
provided strains of rickettsias during their first illnesses which had 
pathogenic and immunogenic characteristics markedly different '* from 
those of the Gilliam strain.'* Concerning the remaining 14 of the 21 
persons studied, no information is available on the relation of the original 
infecting strain to the Gilliam strain. While rickettsemia had been 
demonstrated during the first illness of these patients, the agents had not 
been kept for detailed immunogenic analysis. Other work has shown, 
however, that marked antigenic variations exist even among strains of 
R. tsutsugamushi isolated in a small geographic area. Thus, the eight 
strains recovered near Kuala Lumpur, Malaya, from hosts in a field of 
13 


a few hundred acres fell into four subgroups.** The characteristics of 


13. Miesse, M. I Diercks, F. H., and Danauskas, J. X Proceedings of the 
Society of American Bacteriologists, Baltimore, Maryland Branch of the Society 


of American Bacteriologists, 1950, pp. 90-91 

14. The rickettsias isolated during the second illness of CP-25 and patient 
49, i. e.. that which resulted from intradermal inoculation, were characterized 
and found to be identical with the Gilliam strain. Thus, no evidence was obtained 


f the resurgence of the original infecting strain during the second episode 
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each of these groups differed markedly from those of the Gilliam strain, 
Hence, it is reasonable to assume that the Gilliam organism, which inci- 
dentally came from the Assam-Burma border, was not identical with the 
agents which originally infected the majority of the volunteers. 

rhe pattern of immunity which begins to emerge as the result of the 
present work on scrub typhus resembles that of dengue fever. Sabin and 
his co-workers '* have demonstrated that human beings who had recov- 
ered from one of the three antigenically different strains of dengue virus 
were resistant to infection with any of the three for a period of months. 
For a time after this interval the inoculation of a heterologous strain 
induced a modified clinical disease; somewhat later the heterologous 
organism induced a classic dengue attack. Even at this stage, a year or 
so after the original illness, the subject was still solidly resistant to the 


homologous agent. In the earlier studies of the Japanese,’* scrub typhus 
was produced in several hundred persons, consisting of groups of field 


workers and patients with dementia paralytica, in whom injections of 


the “attenuated” Pescadores strain were made; the resultant moderately 


severe disease of two weeks’ duration resembled that observed under 
natural conditions in the Pescadores Islands, where the mortality is low. 
In 20 of these persons injections of the very highly virulent Niigata 
strain were made eight days after defervescence of the original disease. 
Four of the 20 had short, mild febrile episodes, and rickettsemia was 
demonstrated in these as well as in two others who remained afebrile. 
Chese earlier observations of the Japanese, together with our own on 
patients reinoculated within a month, indicate that a high degree of 
resistance to homologous as well as to heterologous strains exists during 
the first month or so after recovery. Kawamura‘ reinoculated one 
of the paretic patients with the Niigata strain three months after this 
patient had recovered from Pescadores infection and observed a mild 
disease of several days’ duration. Our own experience with persons 
recovered for one to two years shows that the majority are susceptible 
to reinfection with known or presumed heterologous strains of R. 
tsutsugamushi. It is to be regretted that more information was not 
obtained on the duration of resistance to the homologous strain of 
R. tsutsugamushi. Had we originally suspected the outcome of the first 
tests in this study, we would not have wasted several of our volunteers by 
challenging them with the Gilliam strain, since their homologous organ- 
isms were available in our files. At any rate, in the one instance observed, 
the volunteer was solidly immune to his homologous organism at the 
end of 3% years. 

15. Sabin, A. B.: Dengue, in Rivers, T. M Viral and Rickettsial Infections 
of Man, J. B. Lippincott Company, Philadelphia, 1948, pp. 445-453. 

16. (a) Kawamura, R.; Kashara, S.; Toyama, T.; Nishinarita, F., and Tsubaki, 
Ss Kitasato Arch. Exper. Med. 16:93, 1939. (b) Kawamura, R., and Ueda, 
M Ibid. 16:183, 1939. 
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Chere was a general relationship between the type of skin lesion which 
developed and persisted at the site of inoculation of rickettsias and the 
immune state of the volunteer. Although it is difficult to assess the 
importance of the erythematous reaction noted during the first few days, 
this appears to have little relation to immunity, since it was present to 
a similar degree in resistant and in susceptible volunteers. However, 
beginning with the fifth day, differences were noted in the various groups 
depending on their susceptibility. Those who were still susceptible, i. e., 
those in whom clinical disease developed, had local skin lesions which 
were almost as severe as the controls. Here the progress of the cutaneous 
lesion was somewhat slower just as the incubation period before onset 
of fever was slightly longer. On the other hand, relatively little in the 
way of persistent local reaction was noted in those persons in whom 
clinical disease did not develop. Nevertheless, even in this resistant 
group, some variation was noted which was related to the interval since 
disease. Those recovered within a month or so had no reactions after the 
fifth day, whereas those recovered a year or so before maintained a small 
but discernible lesion for about three weeks. It is interesting to speculate 
on the possibility that the solidly immune, recently convalescent persons 
suppressed rickettsial growth so completely that no appreciable multi- 
plication occurred at the site of inoculation and that the immune 
mechanism of the other resistant persons was active enough to prevent 
generalized infection but not to prevent all multiplication of the organ- 
isms in the local lesions. 

rhe persistence of rickettsias for long periods of time in the tissues 
of certain recovered men and animals is an established phenomenon which 
undoubtedly has an important bearing on recrudescent illness, such as 
Brill’s disease caused by Rickettsia prowazeki, and on the durable immu- 
nity which generally exists following most infections caused by this group 
of agents. The subject is reviewed elsewhere and data are presented on 
the presence of R. tsutsugamushi in the tissue of patients.'’ Suffice it to 
say here that the agent of scrub typhus was isolated from an axillary 
lymph node removed from recovered volunteer 144 prior to inoculation 
with the Gilliam strain. None of the remaining eight volunteers from 
earlier tests who provided lymph nodes for isolation attempts prior to 
injection of the Gilliam strain yielded the organism ; three of these were 
subsequently found to be resistant to reinfection, while the rest contracted 
scrub typhus 

Serums from a number of the present volunteers were tested for 
complement-fixing antibodies against an antigen prepared from the 


17. Smadel, J. I Ley, H. L., Jr.; Diercks, F. H.. and Comeron, J. A. P.: To 
be published. Smadel, J. E.; Miesse, M. L.; Diercks, F. H., and Jackson, E. B. 


To be published 
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Gilliam strain of R. tsutsugamushi. The results, which are presented 
elsewhere,'* may be summarized as follows: About half of the volunteers 
who had recovered some time earlier had low titers (1:4 to 1: 16) prior 
to inoculation of the Gilliam organisms, and subsequently practically all 
had appreciable titers (1:32 to 1: 128) irrespective of whether clinical 
disease developed or not. There was a loose correlation between comple- 
ment fixation titers and susceptibility to infection. Thus, most of the 
volunteers with no demonstrable antibody were susceptible, while those 
with relatively high titers were not. However, certain persons with no 
antibodies were resistant, and some with titers of 1:4 were susceptible. 

An interesting point, on which no definitive data exist, concerns the 
reason for the resistance to reinfection displayed by the minority of 
volunteers who had recovered in old cases. Could it be that in these 
persons the original infecting agents were by chance closely related to the 
Gilliam strain used for challenge? Perhaps the original organisms were 
heterologous to the Gilliam strain but were maintained in the tissues of 
the host and the immunity induced by the continuing suppressed infection 
was sufficient to resist invasion on injection of any member of the 
tsutsugamushi group. Finally, in a region where scrub typhus is endemic 
the volunteers may have been exposed to R. tsutsugamushi in the interval 
since the last attack of classic disease, and this may have augmented their 
waning immunity to a heterologous organism. It is apparent that further 
studies are indicated. 

SUMMARY 

In volunteers inoculated intradermally with a few viable rickettsias 
a disease developed which was indistinguishable from that of volunteers 
purposefully exposed to infected mites. The course of both types of 
experimental infection, before it was terminated by specific therapy, 
closely resembled that of the natural disease. Volunteers were solidly 
resistant to reinfection with the homologous strain of R. tsutsugamushi 
for one to two months and in one instance for 31% years. The majority of 
volunteers infected with a heterologous strain (known or presumed) 
one to two years after the original disease possessed little, if any, 
demonstrable immunity. 

A general relationship was demonstrated between the state of immu- 
nity and the development of a primary lesion at the site of inoculation. 
Such a cutaneous lesion failed to materialize in the solidly immune, while 
in the susceptible recovered persons it was quite similar to that in the 
controls. 

In addition to the cooperation of the volunteers who cheerfully experienced the 
minor inconveniences inherent in their service, aid was received from Dr. J. W. 
Field, director of the Institute for Medical Research, and the entire staff of the 
Institute, and from the Government of the Federation of Malaya, particularly the 
Medical Service. 











INCLUSION DISEASE OR GENERALIZED SALIVARY 
GLAND VIRUS INFECTION 


MARGARET G. SMITH, M.D. 
AND 
FRANK VELLIOS, M.D 
ST. LouIS 


HE DISEASE referred to as “generalized salivary gland virus 
if grree: “inclusion disease’’ or “cytomegalic inclusion disease”’ 
is recognized by the characteristic intranuclear and cytoplasmic inclusions 
found in cells of various viscera. Intracellular inclusions of this type 
were first described in 1904, by Jesionek and Kiolemenoglou,’ who 
observed them in the kidneys of a stillborn infant. In the same year 
Ribbert * reported identical inclusions occurring in the kidneys of a 
newborn infant and in the parotid glands of two older infants. Such 
inclusions do not occur frequently in the viscera, although the incidence 
of identical inclusions in the salivary glands of infants and young 
children, regardless of the cause of death, has been reported as 10 to 
32 per cent in routine autopsies 


For many years the nature of the peculiar cellular changes was 


unexplained. A number of investigators expressed the opinion that they 


were protozoan parasites. Others considered the possibility that their 
intravisceral occurrence was associated with congenital syphilis. At 
present they are believed to be an expression of a specific viral infection 
caused by the salivary gland virus. 

The morphologic aspects of the inclusions and of the cells in which 
they occur have been described in detail by Cappell and McFarlane * 


From the Department of Pathology, Washington University School of Medi 
ine, and St. Louis Children’s Hospital 
1. Jesionek, and Kiolemenoglou Miinchen. med. Wehnschr. §1:1905, 1904 
Ribbert, H Zentralbl. f. alle. Path. u. path. Anat. 1§:945, 1904 
1) Lowenstein, ( Zentralbl. f. allg. Path. u. path. Anat. 18:513, 1907 
Farber, S., and Wolbach, S. G Am. J. Path. 8:123, 1932. (c) McCordock, 
H. A. and Smith, M. G Am. J. Dis. Child, 47:771, 1934. (d) Soewadji 
Prawirohardjo: Nederl. tijdschr. v. geneesk. 82:6218, 1938 
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and by Wyatt and his associates. We concur with others in the opinion 
that these cellular changes are of a character that is easily recognized * 
and is distinct from that seen in other diseases in which intracellular 
inclusions occur.’ The nucleus of the cell is enlarged and the cytoplasm 


increased in amount. The great size which may be attained by the cell 


Fig. 1 1, hypertrophied cells of the pituitary gland containing large intra 
nuclear inclusions. Small cytoplasmic inclusions are barely visible. 8B, hyper- 
trophied cell containing a large intranuclear inclusion and cytoplasmic inclusions 
with cresentic arrangement 


and by the intranuclear inclusion is a conspicuous feature (fig. 14). 


The large intranuclear inclusion is surrounded by a clear halo, which 


5. Wyatt, J. P.; Saxton, J.; Lee, B. S., and Pinkerton, H J. Pediat. 36:271, 
1950 


6. Goodpasture, E. W., and Talbot, F. B Am. J. Dis. Child. 382:415, 1923 
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separates it from a distinct nuclear membrane containing one or more 


dense chromatin masses. At times the nuclear membrane appears 


wrinkled or partially collapsed. The shape of the inclusion frequently 
corresponds to that of the nucleus in which it lies. When stained with 
hematoxylin and eosin the intranuclear inclusion may be acidophilic or 
it may have a purplish hue. However, the degree of basophilia of the 
inclusion is never as great as that of the nuclear membrane. The sub- 
stance of the inclusion may be granular, or it may appear nodular or 
uneven in density ; at times the peripheral zone stains less intensely than 
the center. Frequently the inclusion appears homogeneous. Its outline 
may be sharply defined or hazy. The cytoplasm of the cell is acidophilic 
or amphophilic and may contain small basophilic bodies, which vary in 
size and number. The basophilic bodies, measuring 2 to 4 microns in 
diameter, usually occur in only one part of the cytoplasm and are 
frequently arranged in a crescentic manner near the periphery of the 
cell (fig. 1B). The cytoplasm of the larger cells usually is vacuolated 
and the cell contour irregular. The intranuclear inclusion may occur in 
a cell which does not contain cytoplasmic inclusions ; on the other hand, 
the cytoplasmic inclusions never occur in a cell which contains a nucleus 
devoid of an inclusion. At times no nucleus can be seen in a cell con 
taining cytoplasmic inclusions, either because the cell is so large that the 
nucleus is not in the plane of the section or because the cell is degener 
ated. The inclusions are usually in epithelial cells but may occur in 
mesenchymal cells. 


EVIDENCE FOR THE VIRAL CAUSATION OF INCLUSION DISEASE 


Human inclusion disease has not been transmitted to experimental 
animals, nor has a virus been demonstrated by the inoculation of 
embryonated eggs or tissue cultures. However, the intranuclear and 
cytoplasmic inclusions peculiar to this disease are comparable to those 
associated with known viral infections of man and lower animals and 
offer reasonable evidence for the presence of a filtrable virus 

\n analogy between the latent disease in the salivary glands of infants 
and young children and the salivary gland virus disease of rodents gives 
further evidence for the viral etiology of the disease in man. In many 
rodents (guinea pigs,’ rats, * 


10 


mice,” hamsters® and moles '®) and also 
in monkeys, Cebus fatuellus,"' inclusions occur in the salivary glands 
which are similar in all respects to those occurring in the salivary glands 
of infants and children. These inclusions have been encountered in a 


7. Jackson, L J. Infect. Dis. 26:347, 1920. 

8. Thompson, M. J J. Exper. Med. $@:162, 1932 

9. Kuttner, A. G., and Wang, S. H J. Exper. Med. 60:773, 1934. 
10. Rector, E. J., and Rector, L. E Am. J. Path. 10:629, 1934 
ll. Cowdry, E. V., and Scott, G. H Am. J. Path. 11:647, 1935. 
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large percentage of the animals of some stock colonies of guinea pigs and 
mice. in rodents their presence has been associated with a transmissible 
filtrable virus."* However, in each case the virus has proved to be 
entirely species specific.” Thus, it seems unlikely that the virus producing 
similar inclusions in the human subject can be transmitted to experi- 
mental animals 


The salivary gland viruses of rodents are of low virulence. In most 
instances no apparent disease is produced in the rodent inoculated with 
the homologous virus, and inclusions result only in the salivary glands 
and at the immediate site of inoculation.** However, fatal meningitis 
with intranuclear inclusions in mononuclear cells of the exudate has 
been produced in the young guinea pig by intracerebellar inoculation 
of the homologous virus.** Markham and Hudson ** produced fatal 
infection in the fetus of the guinea pig by direct fetal or placental inocu- 
lation of the virus. Intranuclear inclusions occurred in many organs of 
the fetus and, in some instances, in the kidneys and lungs of the mother. 
Rosenbusch and Lucas ** produced fatal infections in adult guinea pigs, 
regardless of the site of inoculation, with a strain of virus which appeared 
to have more than the usual virulence. In young mice a fatal infection 
has been described following intraperitoneal inoculation of the mouse 
salivary gland virus.'*” In the last instance many intranuclear inclusions 
and extensive necrosis occurred in the abdominal organs and in the lungs 
of animals dying four to seven days after the inoculation. Cytoplasmic 
inclusions were not present. Rosenbusch and Lucas give evidence 
that in guinea pigs the cytoplasmic inclusions appear in the cells. six 
to 10 days later than the intranuclear inclusions. 

There are no reports of fatal spontaneous generalized salivary gland 
virus disease occurring in rodents, with the possible exception of one 


by Pappenheimer and Slanetz.'' They observed an incidental disease 


associated with widespread intranuclear inclusions in two guinea pigs 


of a small colony being used for nutritional studies. In their opinion, 
these inclusions were like those occurring in the salivary glands of guinea 
pigs. However, they were unable to transmit the disease to other 
guinea pigs. Markham "* observed the characteristic inclusions in cells 


12. (a) Kuttnmer, A. G.: J. Exper. Med. 46:935, 1927. (b) McCordock, H. A., 
and Smith, M. G J. Exper. Med. 63:303, 1936. (c) Kuttner and Wang.* 
13. Kuttner, A. G., and T’ung, T’sun: J. Exper. Med. 62:805, 1935. 
14. Hudson, N. P., and Markham, F. S J. Exper. Med. $§:405, 1932. Kutt- 
ner and Wang.” 
Markham, F. S., and Hudson, N. P Am. J. Path. 22:175, 1936 
Rosenbusch, C., and Lucas, A. M Am. J. Path. 18:303, 1939. 
Pappenheimer, A. M., and Slanetz, C. A J. Exper. Med. 76:299, 1942 
Markham, F. §S Am. J. Path. 14:311, 1938 
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of the renal tubules in five of 62 guinea pigs of a stock colony. We have 
recently observed intranuclear inclusions in many organs of several 
guinea pigs which had been used in a study of the effects of aminopterin,* 
an antagonist of pteroylglutamic acid (folic acid). Some of these 
inclusions were identical with those produced by the salivary gland virus. 
Others were smaller and occurred in nuclei which were not enlarged 
and did not have a sharply delineated nuclear membrane containing small 
chromatin masses. In comparing these atypical inclusions with early 
forms of the intranuclear inclusions which Rosenbusch and Lucas ** 
reported in the experimental disease of guinea pigs and with those which 
we have observed in the experimental disease of mice we were led to 
believe that they represent developing inclusions of the salivary gland 
virus type. These few observations offer another analogy of the natural 
disease of rodents and that of man in that the virus of the guinea pig, 
like the human virus, may at times produce a generalized infection. 


PRESENTATION OF CASES 


The characteristic inclusions have been reported in the viscera of 
infants and young children in 69 instances, but knowledge of the char- 
acter and of the incidence of the disseminated disease is still incomplete. 
In 1933 and 1934, 26 instances of this disease were reported by 
McCordock ** and by McCordock and Smith.** We are now reporting 
20 additional cases from the same laboratory. Four of these were 
recognized after further search of the autopsy records in the department 
of pathology of Washington University, and 16 occurred from 1934 to 
1949, inclusive. Three of these cases, in which the patients were infants 
in the neonatal period, will be presented in detail and the remainder in 
tabular form 


Case 1.—A premature white boy, 5 days of age, was admitted to St. Louis 
Children’s Hospital on July 30, 1931 and died six days later. There was no maternal 
history of syphilis. Two siblings were living and well; a third had died of pneu 
monia at the age of 18 months. Two days after birth the infant bled profusely 
from the umbilicus and small purplish spots appeared over the entire body 
The umbilical hemorrhage stopped spontaneously but recurred the night before 
the patient was admitted to the hospital and resisted local measures of 
control Physical examination revealed a jaundiced small infant with purpuri 
spots of generalized distribution. Blood was oozing from the umbilical stump 
but there was no frank hemorrhage. The liver and the spleen were enlarged. The 
laboratory data included a red blood cell count of 1,800,000 per cubic millimeter 
and a white blood cell count of 21,000 per cubic millimeter, with 20 per cent poly 
morphonuclear granulocytes, 8) per cent lymphocytes and 3 nucleated red blood 
cells per 100 white blood cells. A blood film showed a decreased number ef 
thrombocytes. The coagulation time of the blood was 20 minutes; the bleeding 
time, 35 minutes 


19. MeCordock, H. A Proc. Soc. Exper. Biol. & Med. 29:1299, 1931-193 
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\ transfusion of 70 cc. of citrated blood was given. All signs of hemorrhage 
disappeared, and the red blood cell count rose to 2,250,000. The infant had attacks 
of choking during feedings and died during one of these attacks 

At autopsy the body weighed 1,850 Gm. and measured 4] cm. in length. The 
skin was jaundiced, and there was hemorrhage about the umbilical stump. The 
left Inng was partially atelectatic. The spleen and the liver were enlarged and 
weighed 20 Gm. and 195 Gm., respectively. The capsule of the liver was thick, 


s 


Fig. 2 (case 1).—A, liver with periportal fibrosis and with cellular infiltration 


and intralobular connective tissue isolating groups of intact liver cells. liver 
with periportal fibrosis and cellular infiltration. Note the hypertrophied cell of 
bile duct epithelium with an intranuclear inclusion 


and the surface of the liver was irregular, fissured and dark green. Other organs 


including the gallbladder and the extrahepatic bile ducts, were grossly normal 
The salivary glands were not examined 


Microscopically, the liver contained small areas of erythropoiesis. There was 


a marked increase in connective tissue in the periportal zones and within the liver 


lobules, causing distortion of the structure of many lobules and isolating small 
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groups of liver cells (fig. 2A) The connective tissue was infiltrated with 
mononuclear cells. There was an apparent increase in the number of small bile 
ducts. Bile thrombi were present in the bile canaliculi, and there was bile pigment 
in Kupffer cells and in liver cells. Inclusions were few and occurred only in 
the epithelium of bile ducts (fig. 2B). There was erythropoiesis in the spleen, 
and advanced congestion was present. In the kidneys a large number of the cells 
of some distal convoluted tubules contained both intranuclear and cytoplasmic inclu- 
sions. The involved cells were greatly enlarged, and some cf them lay free in 
the lumens of the tubules. Occasiorml cells comtaining intranuclear and cytoplasmic 
inclusions were seen in the loops of Henle. There were a cellular connective tissue 
and an infiltrate of lymphocytes about the tubules containing the altered cells. A 
few foci of erythropoiesis and hemorrhage were present in the kidneys. In the 
pancreas there were inclusions in the cells of islets, ducts and acini. The inter- 
stitial comiective tissue was increased in amount and infiltrated with lymphocytes 
Slight dilatation of a few small pancreatic ducts was noted. Sections of other 
organs were not unusual. 

Anatomic Diagnosis.—Prematurity ; intranuclear and cytoplasmic inclusions of 
the salivary gland virus type in the liver (epithelium of small bile duct), the pan- 
creas and the kidneys ; cirrhosis of the liver; bile thrombi in bile canaliculi; icterus ; 
hepatomegaly and splenomegaly ; extramedullary hemopoiesis in the liver, the spleen 
and the kidneys; hemorrhage about the umbilical stump; petechiae in the renal 
cortices; focal interstitial fibrosis and lymphocytic infiltration in the kidneys; 
interstitial pancreatitis, slight; partial atelectasis of the left lung. 


Case 2.—A full term white girl was born on Nov. 20, 1946. The mother was 


healthy, and her pregnancy had been uncomplicated. She was 24 years of age and 
had no previous pregnancies. She had never received transfusions of blood or 
injections of serum. The infant appeared well until one hour after birth, when 
she became jaundiced and purpura developed. Both increased in intensity before 
the infant was admitted to St. Louis Children’s Hospital. In the hospital the physi- 
cal findings included jaundice, numerous petechiae of the skin and mucous mem- 
branes and a large liver and spleen. Laboratory data included a red blood cell 
count of 4,000,000; a hemoglobin content of 16.5 Gm. per 100 cc.; a white blood 
cell count of 23,500, with a differential count of 3 myelocytes, 2 metamyeclocytes, 
18 stab forms, 36 segmented forms, 35 lymphocytes, 5 monocytes and | basophil 
There were 42 nucleated red blood cells per 100 white blood cells. The thrombo- 
cytes were decreased in number. The icterus index was 250. The bleeding time 
was more than 30 minutes and the clotting time 2 minutes. The prothrombin time 
was normal, The test for urinary bilirubin was strongly positive; the stool con- 
tained urobilin. The spinal fluid was xanthrochromic and contained red blood cells, 
many of which were crenated. The father was of blood group O, Rh,, the mother 
group O, Rh, Rh» and the infant of group O, Rhy 

After the infant was admitted to the hospital, she became more intensely jaun- 
diced, and the purpura increased. A blood culture remained sterile. Diarrhea 
and edema developed. The child died on the ninth day of life. 

At autopsy the body weighed 3,000 Gm. Ecchymoses, petechiae and jaundice of 
the skin and the mucous membranes were present. The spleen was enlarged (49 
Gm.) The liver was enlarged (220 Gm.) and firm. The surface was mottled 
green and brown and was finely nodular. On the cut surface there were small 


green and reddish brown nodules measuring 1 to 2 mm. in diameter, separated by 
a gray network. There were approximately 21 cc. of clear yellow fluid in the peri- 
toneal cavity The kidneys weighed 12 Gm. each. The cortex of each was bile 
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stained; the medulla was dark red. In the tentorium cerebelli there were small 
tears, with a slight amount of fluid blood in the subdural space over both the 
temporal and the occipital lobes of the brain. Other organs were normal on gross 
examination. The salivary glands were not examined. 

Microscopically, the periportal connective tissue of the liver was increased in 
amount and was infiltrated with mononuclear cells. The periportal connective 


Fig. 3 (case 2).—A, liver with periportal fibrosis and intralobular connective 
tissue. B, dilated renal tubules showing hypertrophied cells containing intra- 
nuclear inclusions and desquamation of some affected cells. Note focal cellular 
infiltration 


tissue extended into the periphery of some of the lobules (fig. 3.4). In many 


lobules there was a loss of liver cells, so that only collapsed stroma was left. 


The intact liver cells were vacuolated and contained bile pigment. An occasional 
liver cell was multinucleated tile thrombi were present in the bile canaliculi 
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and in small bile ducts of the portal spaces. There was bile pigment in the Kupffer 
cells and in phagocytes in the collapsed stroma where liver cells had been destroyed. 
4 few small foci of erythropoiesis were present. A small number of cells of the 
intrahepatic bile ducts contained typical intranuclear and cytoplasmic inclusions. 
In the kidneys, inclusions were numerous in the epithelium of distal convoluted 
tubules. Some of these tubules, especially those near the capsule of the kidney, 
were dilated. Many contained desquamated large cells in which the inclusions showed 
various stages of degeneration (fig. 3B) A few cells in tubules of the cortico- 
medullary junction also contained inclusions. The collecting tubules were distended 
with granular debris, Some of the granular casts stained orange-red in the manner 
of hemoglobin. The epithelium of the collecting tubules was flattened and occa- 
sionally necrotic. Bile casts were present in tubules of the cortex. There was an 
interstitial lymphocytic infiltration about tubules in which cells containing inclu- 
sions occurred. Small areas of eythropoiesis and hemorrhage were present. These 
occurred near the blood vessels at the corticomedullary junction. Mary cells of 
islets, ducts and acini of the pancreas contained inclusions. A few small ducts 
were dilated. There were also slight interstitial fibrosis and lymphocytic infiltra- 
tion. In the spleen there were a slight diffuse increase of connective tissue and 
macrophages containing hemosiderin. Erythropoiesis was present. The sinusoids 
were clearly defined and distended with blood. Intranuclear and cytoplasmic inclu 
sions were present in a large number of the cells of the pituitary and thyroid 
glands, and a ‘ew cells containing inclusions were seen in the rete ovarii. The 
nucleus of the ovum in an occasional primordial follicle contained an intranuclear 
inclusion. No intracellular inclusions were seen in sections of the brain. How- 
ever, in one section which included the wall of the lateral ventricle there was an 
area of fibrosis and infiltration of histiocytes in the choroid plexus. A few of the 
histiocytes contained hemosiderin. The ependyma of the ventricle was interrupted 


at several points by glia extending from the underlying tissue, and the proliferated 


glial tissue formed the lining of a part of the ventricle. In the adjacent brain 
tissue the endothelial cells of several small vessels were increased in size and 
number. There was proliferation of astrocytic glia, as well as an accumulation 
i small numbers of histiocytes and microglial cells, about these vessels 

tnatomic Diagnosis.—Intranuclear and cytoplasmic inclusions of the salivary 
gland virus type in the liver (epithelium of small bile ducts), the kidney, the pan- 
creas, the thyroid, the pituitary, and the ovary; cirrhosis of the liver; bile thrombi 
in small bile ducts and canaliculi; icterus; hepatomegaly and splenomegaly ; 
ascites (20 cc.); a slight degree of extramedullary hemopoiesis in the liver, the 
spleen and the kidneys; petechiae and ecchymosis in the skin, the pericardium and 
the renal pelves; focal interstitial lymphocytic infiltration of the kidneys ; nephrosis ; 
subacute ependymitis of a slight degree, and focal fibrosis of the choroid plexus; 
bilateral tears of the tentorium cerebelli; slight subdural hemorrhage 

Case 3—A white girl, 36 hours of age, was admitted to St. Louis Children’s 
Hospital, July 15, 1948. This had been the mother’s first pregnancy. She had 
never received a blood transfusion. The infant was said to have been jaundiced 
at birth. Soon after delivery a petechial rash developed in the skin. Both the 
rash and the jaundice became more pronounced. When examined in the hospital 
the infant was critically ill. She was obviously premature, jaundiced and covered 
with petechiae and ecchymoses. There was a large amount of dark brown “coffee 
ground” material coming from nose and mouth The liver and the spleen 
were markedly enlarged. Laboratory data included a red blood cell count of 
2,500,000; a hemoglobin content of 10.2 Gm.; a white blocd cell count of 57,000, 
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with 2 metamyelocytes, 4 stab forms, 38 segmented forms, 54 lymphocytes and 4 
monocytes. There were 144 immature red blood cells per 100 white blood cells. 
Thrombocytes were almost absent from the blood film. The bleeding time was 15 
minutes. The child died while blood was being drawn for culture and typing. 
The result of the blood culture was subsequently reported as negative. Blood 
grouping performed later revealed that the father was of group O, Rh, the mother 
of group A, Rh; Rh, and the patient of group 0, Rh, Rh. No Rh antibody of 
either the direct or the blocking type was present in the mother’s blood six weeks 
after the birth of the child. 

At autopsy the bedy was that of a jaundiced premature infant weighing 2,100 
Gm. Numerous petechiae were present in the skin, the mucous membranes and the 
serous membranes. Fluid blood oozed from nose and mouth. The lungs weighed 


Fig. 4 (case 3).—A, liver with periportal fibrosis and cellular infiltration, and 
areas of erythropoiesis. 8, liver with areas of necrosis of liver cells aml multi- 
nucleated liver cells. 


39 Gm. and contained numerous dark red raised areas. The spleen wus large 
(66 Gm.), firm and dark red. The liver was enlarged, weighing 145 Gm. It 
was bile stained, and the lobular structure was obscure. The kidneys weighed 
12 Gm. each. They were bile stained, and there were areas of hemorrhage in 
the cortex of each. There was hemorrhage in the tentorium cerebelli, and slight 
diffuse subarachnoidal and subdural hemorrhages were present 

Microscopically, there were areas of unexpanded or partially expanded lung tissue 
and hemorrhages in groups of alveoli. Where the alveoli were expanded, the 
walls were thicker than normal. The increased thickness of the walls was due 
to an abnormal number of fibroblasts and mononuclear wandering cells. A mod 
erate number of inclusion-bearing cells lay free in the alveoli and occasionally 
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within the wall of an alveolus. In the liver there was marked erythropoiesis (fig 
4A). Necrosis of liver cells and hemorrhage were widespread (fig. 4B). There 
was an iinrease in the amount of periportal connective tissue, and connective tissue 
extended into the periphery of liver lobules (fig. 4.4). Within some lobules and 
in the periportal connective tissue there was an infiltration of mononuclear cells 
There was proliferation of the small bile ducts. Intranuclear inclusions were 
present in bile duct epithelium and in liver cells near the periphery of the lobules 
There were bile thrombi in many bile canaliculi and bile pigment in liver cells 
In the pancreas there were numerous intranuclear and cytoplasmic inclusions in 
cells of islets (fig. 5 4), ducts and acini, and there were slight interstitial fibrosis 
and lymphocytic infiltration. In the duodenal mucosa adjacent to the pancreas a 


Fig. 5 (case 3).—Pancreas with several hypertrophied cells containing intra- 
nuclear inclusions in an islet of Langerhans. There is a slight increase of inter- 
stitial connective tissue and cellular infiltration. 8B, dilated renal tubules with 
hypertrophied cells containing intranuclear inclusions. There is desquamation of 
some affected cells. Note focal cellular infiltration 


few inclusions were present in the cells of Brunner’s glands. There was conges- 
tion of the spleen, and erythropoiesis was present. In the kidneys numerous cells 
of the distal convoluted tubules contained intranuclear and cytoplasmic inclusions 
(fig. 5B). Some of the cells containing inclusions were free in the lumens of 
the tubules, and the tubules were dilated. An interstitial infiltration of lymphocytes 
was concentrated about the involved tubules. In addition there were foci of erythro 
poiesis and hemorrhage about blood vessels in the cortex and at the corticomedullary 
junction. Intranuclear and cytoplasmic inclusions were found in a large number 
vf the epithelial cells of the pituitary and thyroid glands and in a few epithelial 
cells of the duodenal mucosa 
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Anatomic Diagnosis —Newborn premature infant; intranuclear and cytoplasmic 
inclusions of the salivary gland virus type in the liver (epithelium of bile ducts and 
liver cells), the kidneys, the pancreas, the lungs, the duodenum, the thyroid and 
the pituitary; hepatitis with necrosis and hemorrhage; icterus; hepatomegaly and 
splenomegaly ; extramedullary hemopoiesis in the liver, the spleen and the kidneys ; 
petechiae and ecchymoses in the skin, the serous and mucous membranes, the renal 
cortices, the myocardium, the diaphragm and the wall of the gallbladder; altered 
blood in the stomach and the colon; hemorrhages in the lungs; hemorrhage in 
the tentorium cerebelli; subarachnoidal and subdural hemorrhages; slight inter- 
stitial pneumonia; slight interstitial pancreatitis; interstitial lymphocytic infiltra- 
tion of the kidneys; partial atelectasis of the lungs. 


SUMMARY OF THREE CASES OF INCLUSION DISEASE IN INFANTS 
DYING IN THE NEONATAL PERIOD 


There is a pronounced similarity in the clinical and anatomic features 
of the disease occurring in these 3 infants. Jaundice and purpura were 
prominent in each. A decrease in the number of thrombocytes occurred 
in each. In two infants there was severe anemia. Enlargement of both 
liver and spleen was present in each irstance, and there was anatomic 
evidence of hepatic damage. Extramedullary blood formation was 
prominent in two infants and slight in the third. Focal accumulation of 
lymphocytes and large mononuclear cells, associated with the occurrence 
of inclusions, was present in the kidneys. In one instance more extensive 
renal damage was present. There was slight interstitial fibrosis of the 
pancreas in each case. Only one of the infants had interstitial broncho- 
pneumonia with cells containing inclusions in the lungs. Subacute 
ependymitis was present in one case. In none of these infants was there 
evidence of congenital syphilis. Isoimmunization of the mother in the 
two instances in which this possibility was investigated seems to have 
been excluded. Inclusion disease, presumably a generalized salivary 
gland virus infection, was probably present in each of these three infants 
at the time of death. All indications are that this infection was the 
primary cause of death, 


SUMMARY OF 17 CASES OF INCLUSION DISEASE 
PRESENTED IN TABLE 1 


Inclusion disease, as we have observed it in older infants, has been 
associated with diverse clinical histories and anatomic changes. In some 
instances another principal disease has been present. Seventeen cases 
are summarized in table 1. In each of the first two cases presented in 
this table inclusion disease may have been the principal disease respon- 
sible for the infant’s death. In the first case the premature infant was 
born in St. Louis Maternity Hospital and received hospital care in that 
hospital and in St. Louis Children’s Hospital during its entire life of 
1% months. Despite this care he never progressed satisfactorily. There 
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Taste | 


of Seventeen of Twenty Cases of Inclusion Disease in Children 


Summary 


Age of Organs Showing 





s 


Patient 


1% mo 


4 


% mo 


)mo 


8 


stands 


Inclusions 


Liver, kidneys, 
pancreas, sali 
vary gland 


Longs, liver, 
kidneys, pan 
creas, adrenal 
ovary, lleum 
(large mononu 
elear cells of 
mucosa); sali 
vary glands 
not examined 


Liver, adrenal, 
fleum (large 
mononuclear 
cells of mucosa), 
meninges; sali 
vary glands not 
examined 


Lungs, adrenal, 
fleum (large 
mononuclear 
cells of mucosa), 
salivary gland 


Colon (large 
mononuclear 
cells and capil 
lary endothelium 
in granulation 
tissue of mu- 
cosal surface), 
salivary gland 


lieum and colon 
(large modonu 
clear cells of 
muceea), ee 
entery lymph 
node; salivary 
glands not 
examined 


Lungs, salivary 
giand, sections 
of intestine not 
avallahle 


Lung 


for serologic test 


Clinical History aod Findings 


Seven months premature; frequent bouts of 
fever during Ist ta0.; weight gain very grac 
val; abdomen frequently disteoded; 44 stools 
daily; dehydration; diffieult breathing and 
rise in T. on day of death: § 8." nega- 
tive, but mother had syphilis 

Persistent severe cough began 2 mo. before 
death, vomiting and loss of weight; sulfona 
mide given orally for 1 week beginning 
weeks before death, followed by oliguria, 
hematuria, bleeding into areas where sub 
cutaneous fluid was given: convulsions 2 
weeks and shortly before death; entered hos 
pital 6 days before death; thrombeocyto 
penia; hemoglobin 11.2 Gm.; WBC 2,000; 
albuminuria; hyaline and granular urinary 
casts; T. 90.5-405 C. (108.6-104.9 F.); broneho 
pneumonia; otitis media; convulsions and 
eyanosis; Kline test negative; blood cultures 
negative 

Prematurity; diarrhea, vomiting and loss of 
weight beginning 15 days before death; 1-12 
loose stools dally; preumonia during last 
tew days: subnormal T.; WBC 15,400, 4% 
lymphocytes; dextrose solution given into 
longitudinal sinus 


Cough and head cold 5 weeks before death; 
hospitalized & days for bronchoppeumonia 
and atelectasis of upper lobe, rt. lung; dis 
charged in good condition but returned 17 
days before death with diarrhea and per 
sistent cough; right upper lobe dull to per 
cussion; a few rales in lungs; otitis media; 
increasing diarrhea not responding to con 
trol of diet, intravenous fluid and «mall 
transfusions; acute bronchopneumonia 4 
days before death 

Onset of diarrhea with convulsions, high 
fever and delirium; no known contact with 
typhoid fever; spleen palpable; no rose 
spots; pulse 120; WBC 10,000; Widal test 
negative; stools negative or pathogens: 
diarrhea persisting for ™% nuw.; extreme 
emaciation; distention, abdominal pain and 
blood in stools at times; otitis media and 
mastoiditis; died following mastoiditis 


Bronchopneumonia; bilateral otitis media; 
meningismus 6 weeks before death: severe 
persistent diarrhea 2 weeks later; failed to re 
spond to sulfadiazine, penicillin or fluid and 
diet regulation—jaundiee occurred following 
a transfusion but was diminishing when 
child left hospital & days before death; re 
turned in moribund condition 1 hr. before 
death 

Well until & weeks of age; brassy cough for 
} weeks; diarrhea for | week before death, 12 
stools per day; otitis media and signs of 
meningitis 4 days before death 

Entered hospital beeause of abdominal 
tumor; never healthy; poor nutrition; 
bronechopneumonia, bronchiolitis, capillary 
bronchitis and otitis media when admitted 
to hospital 2 weeks before death; died | 
week after removal eystic abdominal 
tumor 

Ii off and on for 6 weeks with grip and 
colds; 3 weeks before death admitted to hos 
pital with otitis media, fever and cough; 
rickets; pneumonia of upper lobe, rt. lung 


of 


tor syphilis 


Autopsy Observations 


Prematurity; blood formation apd 
periportal searring in liver; sclera 
jaundiced; bile thrombi in canaliculi 
foei of mononuclear cells in kidney 
acute interstitial pneumonitis 


Interstitial bronehopneumonia; foca 
atelectasis of lung; acute broncho 
pneumonia; foeal necrosis in adrenal 
foeal hemorrhage in pleura and gas 
trointestinal tract; fatty metamor 
phosis and slight periportal fibrosi- 
of liver; brain and meninges norma! 
Staph. albus cultured from lungs 


Bronchopneumonia; focal necrosts of 
adrenals; congestion of liver with 
central necrosis; bile thrombi in 
eanalicull; leukocytes about a few 
meningeal vessels and inclusions in 
endothelial cells; localized hemor 
rhage in meninges beneath anterior 
fontanel; no gross intestinal lesions 
Lipid pneumonia with atelectasis of 
upper lobe, rt. lung; acute broncho 
pneumonia; foeal necrosis in adrena 
cortex; no gross intestinal lesions 


Chronie ulcerative colitis; perfora 
tion of colon; purulent peritonitis; 
bilateral mastoiditis: no lesions char 
acteristic of typhoid 


Focal enterocolitis; acute inflamma 
tion of mesenteric lymph nodes; fatty 
metamorphosis of liver: acute bron 
ehopneumonia; no gross intestinal 
lesions 


Interstitial bronehopneumonia; otitis 
media; influenza bacillus meningitis 


Interstitial bronechopneumonia; lymph 
oeytic infiltration of salivary gland 
but no inelisions found 


Interstitial bronchopneumonia wit! 
small bronchiectatic abscesses; e¢ 
pyema, bilateral; bilateral foca 
emphysema; extensive lymphocyti 
infiltration of salivary gland; Str 
hemolyticus and pneumocoecus type 
IV cultured from empyema fluid 
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TasLe 1.—Summary of Seventeen of Twenty Cases of Inclusion Disease in Children-——Continued 


Age of Organs Showing 
Patient Inelusions Clinieal History and Findings Autopsy Observations 


)mo Lung®; salivary None Interstitial bronchopneumonia : 
glands not ex plasia of bronchial epithelium 
amined 
Lang, adrenal, Cough for 10 days; vomited frequently; dim Fibrocystic disease of pancreas; puru 
colon (mononu culty in breathing and cyanosis; nv fever or lent bronchitis; interstitial broncho 
clear cells of convulsioas; heart enlarged and displaced to pneumonia; focal necrosis in adrenal. 
mueosa); sali right; physical signs of bronehopneumonia; hemosiderin in spleen and liver 
vary glands not WHC 23,000, 66% PMN Staph. aureus cultured from lungs 
examined 
Duodenum Failed to gain weight properly; repeated Fibroeystic disease of pancreas; in 
(Brunner’s spells of vomiting with high fever; 3 weeks terstitial pneumonia; small bronchi 
giands), sali before death onset of diarrhea and high eectatic abscesses containing gram 
vary gland fever; 1% weeks before death wheezing and positive coeci; fatty liver 

cough; death 4 days after entering hospital 
Panereas, ad Vomiting of inereasing severity beginning Fibrocystic disease of pancreas; acute 
ren li soon after birth; entered hospital 11 days necrotizing tracheitis and bronchitis 
vary gland before death; acidosis; fluids poorly ab bronchopneumonia: fatty metamor 
sorbed; serum proteins 1.45 A/2.19G; cys phosis of the liver; generalized edema 
nosis; breathing labored 
Kidneys, pan Cough, poor appetite and failure to gain Fibrocystic disease of pancreas; puru 
creas, sali weight for 6 weeks; diarrhea 3 weeks; death lent bronchitis and bronehiolitis: ab 
vary gland 1 week after entering hospita! acess Of rt. lung; bronchopneumonia 
squamous metaplasia of epithelium 
of bronchi, ducts of salivary gland 
and pancreas, aod renal peives; hemo 
lytie Staph. sures cultured from 
lunge * 

8 mo Lungs, kidneys, Cough and diarrhea since birth; 56 stools Fibrocystic disease of pancreas; 
pancreas, duo daily; failure to gain weight; cough more bronchopneumonia bronchiolitis 
denum (Brunner’s severe prior to admission to hospital 4 days squamous metaplasia of trachea! 
gland), sali before death; fever; rales, patehy inffltra epithelium; fatty metamorphosis of 
vary gland tion of lungs and increased breath sounds the liver; Pseudomonas aeruginosa 

eultured from lunge 
Lung, liver, History of pertussis for 1 mo.; a sibling aleo Interstitial bronchopneumonia; foca! 
adrenal had pertussis; convulsions began 3 days be necrosis In adrenal and liver; small 
fore death; signs of pneumonia in both hemorrhages about blood vessels of 
lungs; coma; eyanosis; rapid dificult ree brain; no changes seen in several 
pirations; high fever; WBC 4,000, 73% series of sections of salivary gland 
lymphocytes 
Lungs, kidneys; Edema noted 2 days before admission to Lipoid nephrosis; congestion ani 
salivary glands hospital; edema increased in hospital; death edema of lungs; ascites (0 ex.) 
not examined during transfusion of doubly coneentrated focal necrosis in liver 
plasma 11 days after entry to hospital 


was no recognized bacterial infection. Inclusions in the cells of several 
organs, a cellular reaction associated with the cellular inclusions in the 
kidneys, slight hepatic damage and acute interstitial pneumonitis were 
the only pathologic conditions observed at autopsy. In the second case 





(table 1) the early symptoms were severe cough, vomiting and loss of 
weight beginning two months before the infant’s death. At autopsy 
there was interstitial pneumonia with cellular inclusions in the lungs in 
addition to focal acute bronchopneumonia. It is probable that the salivary 
gland virus was the cause of the interstitial pneumonia and that this 
produced the early respiratory symptoms. Sulfanilamide was given 
orally for one week three weeks before the death of the infant. This 
medication may have been responsible for anemia, thrombocytopenia and 
increased bleeding tendency which occurred later. However, these 
symptoms have been manifestions of inclusion disease in other infants. 
The widespread distribution of the characteristic inclusions indicated that 
a generalized salivary gland virus infection was present. Inclusions 
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were observed in large mononuclear cells of the mucosa of the ileum, but 
there were no clinical symptoms of enteritis. The acute bacterial 
bronchopneumonia was probably a contributing cause of death. 

Four cases (table 1, cases 3 to 6) are summarized in each of which 
severe diarrhea was the predominant symptom. In these infants the 


characteristic inclusions were present in large mononuclear cells in the 
mucosa of the ileum or the colon. In one instance (table 1, case 5) 
inclusions were observed only in the intestine and the salivary glands. 
This child was ill for 24% months, and chronic ulcerative colitis was 
present at autopsy. The inclusions may have been associated with a 


secondary viral disease, but, if this was true, the primary cause of the 
intestinal lesions was not ascertained. There were no gross anatomic 
lesions in the intestines of the other three infants (table 1, cases 3, 4 and 
6). No ulcer or acute inflammation of the mucosa was observed in 
microscopic sections of the intestines, but in the mucosa in each case 
there were a moderate number of large mononuclear wandering cells 
containing the characteristic intranuclear inclusions. One of these three 
infants was premature and the other two had pneumonia before the 
onset of the diarrhea; however, none of the children was considered to 
be in poor general condition before the diarrhea appeared. Viral enter- 
itis may well have been the primary cause of the diarrhea and responsible 
for the infants’ deaths. 

Four other infants (table 1, cases 7 to 10) had interstitial broncho- 
pneumonia, and inclusions were found only in cells of the lungs. In one 
instance (case 10) no history was available and no cause of death other 
than the interstitial pneumonia was found. The other three infants had 
symptoms of respiratory disease. One of the three (case 7) had a 
brassy cough for three weeks. Severe diarrhea was also present in this 
child, but there were no gross lesions in the intestinal tract, and sections 
of the intestines were not available for study. The immediate cause of 
death in this instance was acute meningitis caused by the influenza 
bacillus. Another infant (case 8), 7% months of age, was poorly 
nourished and had never been healthy. Diagnoses of bronchopneumonia, 
bronchiolitis and otitis media were made when the infant entered the 
hospital two weeks before death. Interstitial pneumonia, associated with 
the presence of inclusions in cells of the lungs, was present at autopsy 
and may have contributed to death, which occurred one week after a 
cystic abdominal tumor had been removed from the region of the tail of 
the pancreas. The fourth child in this group (table 1, case 9) had 
respiratory infections for six weeks before his death at 14 months of age. 
Interstitial pneumonia was present. There were also small bronchiectatic 
abscesses in the upper lobe of the right lung and bilateral empyema. 
Hemolytic streptococci and pneumococci type IV were cultured from the 
empyema fluid. The bacterial infection was probably the immediate cause 
of death. From the data available it is impossible to decide whether the 
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viral infection preceded or followed the bacterial infection or what part 
it played in the child’s fatal illness. 
In the remaining seven cases presented in table 1 (cases 11 to 17) 


the inclusion disease was regarded as a secondary viral infection occur- 
ring during the course of another disease. In five instances the principal 
disease was fibrocystic disease of the pancreas. Bacterial imfection of the 
lungs was present in each case. In two the pneumonia was of the inter- 
stitial type, and inclusions were seen in the lungs in one of these. The 
only other tissue reaction associated with the inclusions was focal 
necrosis of the adrenals in one instance. The metabolic disorder resulting 
from pancreatic insufficiency may have been of importance in facilitating 
the dissemination of the salivary gland virus. In those instances of the 
association of fibrocystic disease of the pancreas and inclusion disease 
which we have observed in recent years, the infants entered St. Louis 
Children’s Hospital only a short time before death, and correction of 
the nutritional deficiencies had not been instituted prior to admission to 
the hospital. Inclusion disease cannot have been more than a minor 
contributing factor in the death of these children. 

The oldest child (table 1, case 16) of the present series was 3% 
years of age. She had pertussis for one month before death. She had 
been exposed to pertussis, and there was no reason to doubt the correct- 
ness of this diagnosis. The principal pathologic finding was interstitial 
pneumonia. Inclusions were present in the lungs (fig. 6) and, associated 
with small foci of necrosis, in the liver and the adrenals. In this instance, 
also, dissemination of the salivary gland virus may have occurred during 
the course of the primary disease, and may be considered no more than 
a contributory cause of death. 

The last case of inclusion disease recorded in table 1 (case 17) was 
that of an infant who had lipoid nephrosis (a nephrotic syndrome due to 
an undetermined cause). The characteristic inclusions in cells of the 
lungs and kidneys were the only anatomic changes attributable to a virus. 
The viral infection was apparently incidental and bore no causal relation 
to the disease for which the infant was being treated. 


ANALYSIS OF REPORTED CASES AND COMPARISON WITH 
THOSE IN THE PRESENT SERIES 


A summary of the 69 reported cases in which intracellular inclusions 
characteristic of generalized salivary gland virus infection occurred in the 
viscera of infants and young children is given in table 2. In at least 16 
of the 69 cases the prominent manifestations of the disease associated 
with the inclusions were those of a blood dyscrasia or of hepatic damage 
like those observed in our first three cases. Both jaundice and petechiae 
or purpura occurred in nine instances (table 2, cases 4, 10, 31, 51, 52, 
58, 59, 63 and 69). In seven of these nine extramedullary hemopoiesis 
was observed, and in five some anatomic change other than extra- 
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medullary hemopoiesis was present in the liver. The lesions described 
in the livers included periportal infiltration, bile stasis, cytolytic necrosis 
and in two instances biliary cirrhosis. In another case (68) hematemesis, 
melena, anemia and jaundice occurred, and diffuse hepatitis with fibrosis 
was present at autopsy. Purpura or a hemorrhagic diathesis without 
jaundice was present in 4 cases (table 2, cases 10, 52, 62 and 67). In 
one of the four anemia and marked extramedullary hemopoiesis occurred ; 
in another splenomegaly was recorded and in a third anemia and 
thrombocytopenia. In two instances (table 2, cases 18 and 24), in which 
neither jaundice nor hemorrhages were recorded, diagnoses of erythro- 
blastosis and of erythroleukoblastosis were made. 


in Aa 


Fig. 6 (case 16).—Lung with interstitial pneumonia. Hypertrophied cells 
containing intranuclear inclusions line alveoli and lie free in the alveolar lumens 
The cytoplasmic inclusions are barely visible 


Only one of the 16 infants having a blood dyscrasia or a hepatic 
disease was over 2 months of age at the time of death, and this infant 


had thrombocytopenia, purpura, anemia and enlargement of spleen and 


liver during the neonatal period. Thus, in newborn infants and infants 
a few weeks of age inclusion disease has been manifested in many 
instances by a blood disorder, hepatic damage or both. Two of the 
instances of inclusion disease of this type, occurring in newborn infants, 
in which the predominating manifestations were regarded as hemolytic 
anemia, were reported by Cappell and McFarlane.* They also pointed 


out that other reported cases of inclusion disease in young infants bore 
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a resemblance to those which they reported and stated that this disease 
was probably confused with congenital syphilis in the older literature 
and more recently with erythroblastosis fetalis and hemorrhagic disease 
of the newborn 

It is obvious from the widespread distribution of inclusions in some 
instances that the salivary gland virus may affect many organs of the 
body. Therefore, it is to be expected that the tissues most damaged are 
not the same in every instance. Inclusions in cells associated with focal 
interstitial inflammation of the kidney have been described frequently, 
but in only a few instances has the renal damage been severe. In one 
case reported by Wyatt and associates (table 2, case 67) oliguria was 
present, and an anatomic diagnosis of severe nephrosis was made. A 
diagnosis of exudative nephritis was made in another instance (table 
2, case 13). In the kidneys of each of the three infants in our series 
who died in the neonatal period, there were many cells containing 
inclusions and there was associated focal cellular infiltration. In one 
instance there was dilatation of the collecting tubules with casts consisting 
in part of fragments of desquamated tubular epithelium. 

Involvement of the brain also occurs. In two of the cases reported 
by Wyatt and associates (table 2, cases 67 and 68) and in one of our 
series there was ependymitis. Inclusions were present in the meninges 
in another of our cases, but there was little inflammatory reaction. Worth 
and Howard reported hemorrhage and necrosis of the basal ganglions 
(table 2, case 63). Inclusions were present in ganglion and glial cells. 
Necrosis, mononuclear infiltration and intranuclear inclusions were 
reported in the brain by Kinney. 

Viral enteritis has been another manifestation of inclusion disease. 
Inclusions in the cells of the intestines of infants have been reported only 
twice previously (table 2, cases 63 and 67). Diarrhea occurred in both 
instances. In our series inclusions were present in the intestinal tract 
in nine cases. In three they were found only in a small number of the 
epithelial cells of duodenal mucosa, In five others intranuclear inclusions 
were present in large mononuclear cells of the mucosa of the ileum, and in 
one, in large mononuclear cells in granulation tissue at the base of ulcers 
of the colon. The predominant clinical symptom was diarrhea in four 
of the infants whose intestines showed these lesions in the ileum or 
the colon. 

Interstitia! or chronic pneumonia has been reported frequently and 
appears to be one of the commonest manifestations of the disease in 
infants beyond the neonatal period. Twenty-eight instances (table 2, 
cases 15, 19 to 23, 33 to 50, 54 to 57, and 66) of inclusion disease asso- 
ciated with pertussis have been reported; 18 of these, by McCordock 
and Smith.” Interstitial or chronic pneumonia was described in most 


of these cases. The association of inclusion disease and pertussis is 











Taste 


’ 


Age 
Stillborn 


Newborn 
Stillborn 
% days 
10 days 
Stillborn 


> mo 


leo mo 


1% mo 


Stillborn 
= Weeks 


mo 


Newborn 


2% mo 
15 days 


6 mo 


mo. to 
iyr.: 8 yr 
(one case) 


<-—-Summary of 


Infants and Children 


Clinieal and Autopsy Data 
History of syphilis in father; lesions with in 
clusions regarded as syphilitic 
Congenital syphilis 
Congenital syphill« 
Jaundice; purpura; fibrosi« and mononuclear 
infiltration in liver, bile stasis; regarded as in 
feetion of liver 
Purpura; splenomegaly; no evidence of syph 
ths 


Cellular inflitration in liver and kidneys; no 
evidence of syphilis 

Family history of syphilie negative: chronie 
interstitial pancreatitis; organizing pneumonia: 
uleerative and scaly skin lesions regarded as 
syphilitic 

No evidence of syphilis, no spirochetes; pan 
ereatic fibrosis and dilation of duets; subacute 
pneumonia 

Diphtheria 

Pamily history of syphilis negative; no spiro 
chetes; jaundice; petechiac;: splenomegaly; cir 
rhosis with bile stasis; cellular infiltration io 
kidney 

Premature; cellular infiltration in kidney 
Hydrocephalus; cellular infiltration in kidney 
Jaundice; slight induration of liver and spleen: 
colitis; diffuse exudatic nephritis; scaly lesions 
of palme and soles regarded as syphilitic 
Premature; hypoplasia and stenosis of fleum 
and colon; hydrops; slight interstitial fibrosis 
of pancreas; no spirochetes; mother's 8. T. 8. 
negative 

Pertussis 

Premature; staphylococeic 
rhagie diathesis; 
T. 8S. negative 


Ppyemia; hemor- 
no splrochetes; mother's § 


Hemorrhagic diathesi« 
Erythroblastosis 
Pertussis 


Erythroleukoblastosis; ascites; hemopoiesis in 
many organs; enlarged liver and spleen; peri 
portal infiltration; subarachnoidal hemorrhage 
Chronic pneumonia; peribronchial infiltration; 
pancreatic fibrosis and dilation of ducts 
Chronie pneumonia; peribronchial infiltration; 
pancreatic fibrosis and dilatation of ducts; 
foeal necrosis in liver and adrenals 
Malnutrition; rickets; xerophthalmia; convu! 
sions; chronic pneumonia; peribronchial infil- 
tration; focal infiltration in kidneys; no spiro 
chetes 

Chronie pneumonia; peribronchial infiltration; 
lung abscesses 

Chronie pneumonia; peribronchial infiltration; 
gangrene of cheeks, palate and gums; ulcers 
tive colitis 

Chronie pneumonia; peribronchial infiltration; 
cleft palate 

Jaundice; multiple hemorrhages. hemopolesis 
im liver and spleen; focal infiltration in kid- 
neys; slight pancreatic fibrosis; no spirochetes 
Unexplained cerebral spiro 
chetes 


Pertussis 


hemorrhage; no 


Sisty-Nine Reported Cases of Inclusion Disease in 


Organs with Inelusions 
Kidneys, lungs, liver 


Kidneys 

Kidneys, lungs, liver 
Liver 

Thyroid 

Kidneys, lungs, liver 


Lungs 


Kidneys, lungs, liver 


Kidneys 
Kidneys, lungs 


Kidneys 
Kidneys 
Kidneys 


Kidneys, lungs, Uver, 
thyroid, pancreas 


Langs 

Kidneys, lungs, liver, 
pancreas, thyroid, 
salivary glands, epi- 
didymis 


Kidoeys, lungs, liver, 
pancreas, thyroid 
Kidoeys, lungs, liver, 
pancreas 

Lungs 


Kidneys, liver 


Langs 


Kidneys, lungs, liver. 
salivary gland 


Lung* 


Lungs 


Lungs 


Lungs 


Lungs 


Liver 


Lungs in all cases, 
adrenal and liver in 
some cases 





Taste 2.- 


* Superior numbers indicate footnotes related to the text 


Infants and ( hildren—C ontinued 


Age 
1 day 


Clinieal and Autopsy Data 


Jaundice; ecchymosis; bile stasis in liver; en 
larged spleen; marked hemopoiesis in liver; 
mother’s 8. T. 8. negative 

Premature; erythromyeclosis; jaundice; pur 
pura; anemia; cellular infiltration io kidney 
Diarrhea; jaundice; necrosis and mononuclear 
infiltration in brain 

Pertussis 

Premature; hemolytic disease; jaundice; pet- 
ebiae; erythroblastemia; splenomegaly; 8. Tf. 
8. negative; no evidence of maternal isoim- 
mounization; extramedullary hemopoiesis; 
lytic necrosis and bile stasis in liver; 
tyephesgtis in@itretion in kidneys 


Ab 


1 day 
l4 days 


Infants 
1 day 


eyto- 
foeal 





purpura; erythroblas 
tosis; no dae of maternal isoimmunization 
Conjunctivitis; inflammation of orbital tis- 
sue; enlarged submaxillary glands; fibrosis of 
thyroid; interstitial pneumonia; fibrosis and 
foeal infiltration of liver; areas of necrosis in 
adrenal; 8. T. 8. negative 
Maternal history of syphilis; 
hemorrhagic pneumonia 


sepsis; leukemia; 


Prematurity; anemia; petechiae; 
in all organs; 

pneumonia 
Hemorrhage from umbilical stump in neonatal 
period; diarrhea; anemia; jaundice; petechiae; 
excoriations of buttocks; enlarged spleen and 
liver; extramedullary hemopolesie in_ liver; 
hemorrhage and necrosis of basal ganglions; 
8. T. 8. negative 


hemo poiesis 
mn of thigh; broncho- 


Stillborn Full term infant; foeal interstitial pneumon! 
tis; marked hemopolesis in liver and spleen 
Interstitial pneumonitis; mononuclear infiltra 
tion of liver; maculopapular skin rash 
Pertussis; interstitial pne itis; 

clear infiltration of liver 

Anemia; thrombocytopenia; purpura; , ow 
spleen and liver In neonatal ; 8. 
negative; no evidence of maternal anes 
nization; interstitial 
clear infiltration in kidneys; severe nephrosis; 
Heitis; ependymitis 

Diarrhea; 


14 mo 


14 mo 





13 weeks 





bematemesis; melena; anemia; = 
dice; ma; ascites; hematuria; §& 8s 
negative; no evidence of maternal bidees 
nization; diffuse hepatitis and fibrosis; inter 
stitial pneumonitis; ependymitis 

Purpura; hepatosplenomegaly; jaundice; diar 
rhea; 8S. T. 8S. negative in mother and infant 
blood of mother Rh negative, that of infant 
Rh positive: biliary cirrhosis; extramedullary 
hematopoiesis 


Summary of Sirty-Nine Reported Cases of Inclusion Disease in 


Organs with Inclusions 
Kidneys, lungs, liver 


Kidneys, lungs, liver, 
thyroid 


Kidneys, lungs, liver, 
pancreas, brain 
Langs 


Kidneys, lungs, liver, 
Pancreas 


Kidneys, hungs, liver 


Kidneys, lungs, iiver, 
pancreas, thyroid, 
salivary gland, eye- 
ball, spleen 


Kidneys, liver, pan 
creas, thyroid. 
salivary glands 


Kidneys, lungs, liver, 


Kidneys, lungs, liver, 
pancreas, thyroid, 
adrenal, pituitary, 
stomach, intestine, 
brain, testes, epi- 
didywis, heart, spleen, 
skin, bone marrow 
Kidneys, lungs, 
adrenals 


Kidneys, lungs 
Langs, liver 


Kidneys, lungs, liver, 
pancreas, adrenals, 
brain, tleum 


Kidneys, lungs, liver, 
pancreas, brain 


Kidneys, lungs, liver, 
pancreas, thyroid 
parathyroid, salivary 
gland 





notes appended to this table. 


(a) 
(b) 
(c) 
(4d) 
(e) 
(f) 
(9) 
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difficult to interpret. It is possible that clinical symptoms due to inclusion 
disease have been mistaken for those of pertussis in some instances, but 
in most instances the diagnosis of pertussis appears to have been 
unquestioned. Pertussis was diagnosed in | case of the present series. 

Intracellular inclusions have occurred in the pancreas in 13 of the 
cases in the literature and in 8 of our series. Interstitial fibrosis, usually 
slight in amount, or cellular infiltrations have been present, but no 
symptoms of pancreatic disease which could be attributed to the viral 
infection. The occurrence of inclusion disease and fibrocystic disease of 
the pancreas has been noted in five cases in this series. Two of the cases 
reported by McCordock and Smith (table 2, cases 25 and 26), in which 
fibrosis of the pancreas and dilatation of the pancreatic ducts were 
recorded, have been reviewed. These are also examples of fibrocystic 
disease of the pancreas. In addition, the description of the pancreas in 
another report, that of Goodpasture and Talbot (table 2, case 8), may 
be interpreted as a description of fibrocystic disease. Interstitial or 
chronic pneumonia and pulmonary cells containing inclusions have been 


observed in some of the infants having fibrocystic disease of the pancreas 


INCIDENCE OF INCLUSION DISEASE 


None of the cases of inclusion disease cited in this report concerned 
stillborn infants ; however, five stillbera infants having this disease have 
been observed by others. Apryoximately three fourths of the 89 cases 
of inclusion disease, incleding those in this report, have involved infants 
2 years of age or younger. Only one child was over 5 years of age 
l'wenty-one infants died within the neonatal period of one month ; nine 
died on the first day of life and eight others within the first two weeks 
Fifteen ci the 16 cases which we observed from 1934 to 1949, inclusive, 
were encountered in 1,411 autopsies of infants and children from St. 
Louis Children’s Hospital, an incidence of slightly over 1 per cent. 
Wyatt and associates * noted an incidence of 1.1 per cent in autopsies 
of 461 infants and children from other St. Louis hospitals. Only three 
cases of inclusion disease of adults have been reported.*® In addition 
the finding of inclusions in isolated lesions in six adults has been 
reported.*" The isolated lesions included ulcers of the esophagus or the 


20. (a) von Glahn, W. C., and Pappenheimer, A. M Am. J. Path. 1:455 
1925. (b) McMillan, G. C Ibid. 33:995, 1947. (c) Reinhard, E. H.; Good, 
J. T., and Martin, E J. A. M. A, 142:383, 1950. 

21. Hartz, P. H Acta brev. Neerland. §:115, 1935. Hamperl, H Virchows 
Arch. f. path. Anat. 286:82, 1935-1936. Soeharto, R Dissertation, Academisch 
Proefschrift Batavia, Batavia, D. G. Kolff & Co., 1937; cited by Hartz and van 
de Stadt: Am. J. Clin. Path. 18:148, 1943. Hartz, P. H., and van der Sar, A 
Geneesk. tijdschr. v. Nederl.-Indié 81:1310, 1941. Hartz, P. H., and van de Stadt, 
F. R Am. J. Clin. Path. 18:148, 1943 
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stomach and, in one instance, a localized granuloma of the anus. 
Instances of the disease in infants and children have been reported from 
many parts of the world. The fact that 52 of a total of 89 cases in 
children, including those in this report, have been observed in St. Louis 
may be due only to the special interest of the pathologists. 


POSSIBLE FACTORS PREDISPOSING TO GENERALIZED INFECTION 


It appears certain that salivary gland virus infection may occur during 
intrauterine life, since inclusion disease has been observed in stillborn 
and newborn infants. In other instances, infants dying in the first days 
or weeks of life have had symptoms from birth or shortly thereafter. By 
what mechanism the fetal infection occurs is unknown; also, it is 
unknown how long a latent infection may persist in the salivary gland, 
or under what conditions dissemination of the virus may occur. There 
has been no apparent infection in the mothers of stillborn or newborn 
infants having inclusion disease. One may speculate as to whether the 
mother had a recent inapparent infection of the salivary gland during 
pregnancy, with the virus being disseminated in the blood stream and 
invading the fetal tissue, or had a recrudescence of a latent infection 
present since early life. It may be significant that the mothers of many 
of the infants have been young. Perhaps a first infection, delayed until 
early adult life, occurred during pregnancy and the virus invaded the 
blood stream. Evidence obtained from experiments on guinea pigs 
indicates that fetal tissues are more susceptible to virus infection than 
are adult tissues."* The increased susceptibility of fetal tissues may 
account for the fact that this disease may appear in the infant in utero 
despite the fact that the mother shows no clinical evidence of the disease. 

The factors which predispose to the generalized disease in older 
infants and children and adults have not been established. There is 
suggestive evidence that disturbances of metabolism, such as those related 
to vitamin deficiencies, may be involved. The observation that the 
generalized disease occurred in a number of infants having fibrocystic 
disease of the pancreas would be consistent with this hypothesis. Further 
evidence is given by two of the three cases reported in adults in which 
inclusions of the salivary gland virus type occurred in the viscera, One 


of these adults was a 63 year old woman who had a deficiency in the 


vitamin A content of the blood and lesions of the skin suggestive of a 


nutritional disease.*” 


Severe interstitial pneumonia apparently due to 
the salivary gland virus was the cause of death. Another adult had 
leukemia and received 4-aminopteroylaspartic acid (amino-an-fol*) over 
a period of 54% months.*” Focal interstitial pneumonia associated with 
cells in the lungs containing the characteristic intranuclear inclusions 
was present. The viral pneumonia was believed not to be an important 
factor in the patient’s death. Since these inclusions are found rarely in 


the tissues of adults, their occurrence in this man is intriguing. He was 
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49 years of age and in amino-an-fol* had received a substance which is 
known to affect cellular metabolism. Another observation, interesting 
in this respect, is that a spontaneous disease which we are interpreting 
as a generalized salivary gland virus infection ocurred in several guinea 
pigs which had received 4-amino-pteroylglutamic acid (aminopterin®) 
over a period of approximately three weeks. Investigation of the effects 
of metabolic disturbances in causing dissemination of the salivary gland 
virus in rodents is indicated 


SUMMARY AND CONCLUSIONS 


The inclusion-bearing cells observed in inclusion disease have a 
distinctive morphologic appearance and are pathognomonic of the dis- 
ease. The presence of intracellular inclusions comparable to those asso- 
ciated with known viral diseases and the analogy noted between the 
natural and experimental salivary gland virus disease of rodents and the 
human inclusion disease offers reasonable evidence that this disease is 
caused by a virus and that the virus concerned is the salivary gland virus. 

Twenty cases of inclusion disease of infants and children are pre- 
sented. In three instances the disease was observed in infants dying in 
the neonatal period. 


The following conclusions are derived from our observations and 
those reported in the literature : 

Generalized salivary gland virus infections occur, in the majority 
of instances, during the first two years of life. The infection may occur 
in utero without the mother showing any evidence of the infection. 
Death due to the intrauterine infection may occur in utero or in the 
neonatal period 


In infants under 2 months of age generalized salivary gland virus 


infection is usually a primary fatal disease, and its most frequent 
clinical and anatomical manifestations are those of a blood dyscrasia or 
of hepatic damage. However the character of the disease may vary, 
since the viral infection may involve, with variable intensity, many organs 
of the body, including especially the liver, the lungs, the kidneys, the 
brain and the intestines 


In children over 2 months of age inclusion disease is associated with 


diverse clinical histories and anatomic changes. At times it may be the 


principle disease; more often it is associated with another primary dis- 


ease and plays only a minor role in the child’s illness. 

rhere is suggestive evidence that disturbances of cellular metabolism 
such as those occurring in vitamin deficiencies may predispose to gen- 
eralized salivary gland virus infections. 

[he association of pertussis and generalized salivary gland virus 
infection in approximately one third of the cases, including those in the 
present report, is noted but remains unexplained 
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mass demonstration in the auditorium 


The prejectionist can follow a specimen through @ progres 
sive series of ever-closer localizations, from its gross aspect 
to its ultimate microscopic demonstration under oil-immersion 


The auxiliary Scopicon dark-chamber “round-table” 
affords superb facility for small-group study. 


Here the projected image is cast upon a plateri 


within a light-tight chamber, with separate light- 


excluding viewing hoods for each observer. Any 
number up to ten may share in conference, which 
can be conducted in a normally lighted room. A 
pointer at each port permits any observer to indi- 


cate areas of interest to all the others for discussion. 


microprojection 
SCOPICON, Ine. ‘ 
215 East 149th St.. New York 51, N. Y. photomicrographs 





